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Acronyms and Definitions

CHaMP
Ecology
ESA

GIS
ISTM
LCFRB

metric

MQG
NPDES
ODEQ
ODFW
PNAMP
RME
SRFB

Stage

WRIA

USFS

Columbia Habitat Monitoring Program
Washington Department of Ecology
Endangered Species Act

Geographic Information Systems
Integrated Status and Trends Monitoring
Lower Columbia Fish Recovery Board

the value resulting from measuring a monitoring attribute (parameter), or the value
resulting from processing measurements, such as taking their average

Management Question Group

National Pollutant Discharge Elimination System
Oregon Department of Environmental Quality
Oregon Department of Fish and Wildlife

Pacific Northwest Aquatic Monitoring Partnership
Research, Monitoring, and Evaluation

Salmon Recovery Funding Board

synonymous with the term “phase” used in the Statement of Work to describe the three
steps in this effort; used “stage” to avoid confusion with Ecology permitting terminology
used for Phase | and Phase Il permits

Water Resource Inventory Area

US Forest Service



Introduction

The Habitat Status and Trends Monitoring Project was initiated to develop recommendations for a
coordinated habitat and water quality status and trends monitoring program in the Lower Columbia
region. Large-scale status and trends monitoring is essential to assess whether current efforts to address
the factors limiting salmon recovery are making progress. Actions that promote salmon recovery also
help ensure that habitat and water quality are safe for other beneficial uses such as domestic water
supplies and recreation.

The Habitat Status and Trends Monitoring Project builds on the Lower Columbia Fish Recovery Board’s
(LCFRB) Research, Monitoring, and Evaluation Program for Lower Columbia Salmon and Steelhead (RME
Program), which identified the essential information needs and priorities for monitoring required to
address salmon status and the threats evaluated during ESA listing (LCFRB 2010). The Pacific Northwest
Aquatic Monitoring Partnership (PNAMP) Integrated Status and Trends Monitoring (ISTM)
demonstration project furthers this progress by moving towards a specific monitoring design for the
region. As described in the RME Program, integration of existing efforts across the region would help
address the goals of both the recovery plans and the watershed plans, while also supporting the
objectives of habitat and water quality monitoring programs at the local and regional levels.

The Habitat Status and Trends Monitoring Project (project) builds on the ongoing ISTM project by
integrating the monitoring priorities and existing programs of ISTM partners (Table 1) with receiving
water quality monitoring programs implemented by municipal stormwater National Pollutant Discharge
Elimination System (NPDES) permittees in southwest Washington. Stormwater permittees of large and
medium municipalities in the Lower Columbia region (Phase | permittees; Table 1) currently conduct
receiving water monitoring; permittees of small municipalities (Phase Il permittees) may begin
participating in stream water quality, benthos, habitat, and sediment chemistry monitoring by the 2018-
2023 permit cycle (Lisa Cox, pers. comm., January 15 2013). The project study area is shown in Figures 1
and 2, and includes the Lower Columbia region, encompassing all Columbia River tributary subbasins
from the mouth of the Columbia River up to the White Salmon River in Washington and the Hood River
in Oregon, and the Willamette River up to Willamette Falls. The project will also incorporate status and
trends monitoring needs of stormwater permittees within Water Resource Inventory Areas (WRIAs) 22
and 23 (the City of Aberdeen and the City of Centralia).



Table 1. Lower Columbia region Habitat Status and Trends Monitoring Project participants

Integrated Status and Trends Monitoring (ISTM) project partners

Pacific Northwest Aquatic Monitoring Partnership (PNAMP)
Lower Columbia Fish Recovery Board (LCFRB)

Washington Department of Ecology (Ecology)

US Forest Service (USFS)

Columbia Habitat Monitoring Program (CHaMP)

Oregon Department of Environmental Quality (ODEQ)
Oregon Department of Fish and Wildlife (ODFW)

Governor’s Salmon Recovery Office - Salmon Recovery Funding Board (SRFB)

SW Washington stormwater permittees (Water Resource Inventory Areas 22, 23, 25, 26, 27, 28)

Phase | Phase Il

Clark County (also Cowlitz County City of Camas City of Longview

an ISTM partner) City of Aberdeen City of Centralia City of Vancouver
City of Battle Ground City of Kelso City of Washougal

This project will involve the development of recommendations for a region-wide habitat and water
quality status and trends monitoring design in three phases, or stages, as follows:

e Stage 1 - identify potential status and trends monitoring alternative scenarios
e Stage 2 - complete a trade-off analysis between alternative monitoring scenarios
e Stage 3 - develop final recommendations for a unified monitoring design

This report describes Stage 1 of this process. In Stage 1, stormwater managers’ priority management
guestions were identified, and existing stormwater monitoring programs documented. This information
was then integrated with similar information from ISTM partners to develop a summary list of
management questions and the monitoring metrics needed to answer them. Sets of management
guestions that focused on the same set of metrics were organized into Management Question Groups,
which formed the basis for analyzing the gaps where data collection needed to answer management
guestions was lacking. Where possible, management question groups were linked to specific spatial
scales to allow for analysis to focus on both the spatial gaps in the distribution of sites, as well as on
gaps in monitoring attributes collected at a site.

In addition to extensive desktop analyses, a technical workshop was held in January of 2013 to present
the project results to date and solicit input from the stormwater permittees regarding the identified
management questions and associated metrics. Workshop participants also included the LCFRB,
Ecology, and PNAMP (represented ISTM partners) (see Appendix A for list of workshop attendees). The
feedback collected during this workshop contributed to the development of alternate monitoring
scenarios, which were presented in a second technical workshop in February of 2013. Alternate
monitoring scenarios are described in detail in the Results section of this report.



Following Workshop 1, the Stage 1 process continued. Input from the Workshop participants was used
to update the management questions, metrics, and gap analysis. Simultaneously, statistical evaluation
was conducted to determine the feasibility of combining probabilistic and non-probabilistic
(opportunistic) sampling designs. Three alternate monitoring scenarios were also developed and vetted
at a second workshop in February of 2013. Workshop participants included the stormwater permittees,
PNAMP, Ecology, LCFRB, and other stakeholders. Following Workshop 2, an email request was also sent
to all ISTM partners, workshop participants, stormwater permittees, and other stakeholders to request
additional input. This was intended to capture feedback from any entities that were unable to attend
the workshop and any additional comments from folks that did attend. All of the feedback received
during and after Workshop 2 will be evaluated and addressed during Stage 2. A summary of the
comments received is included in this report as Appendix F.

Stage | tasks have progressed to date as follows:

e Project Kick-off internet/phone meeting — November 2, 2012

e Literature review — November 2012

e Update to ISTM database with stormwater metrics — November 2012

e Compilation of management questions/metrics and gap analysis — November / December 2012
e  Workshop 1 —January 15, 2012

e Draft Technical Report 1 -January 23, 2012

e  Statistical Analysis —January 2013

e Development of alternate monitoring scenarios — January/February 2013

e Workshop 2 — February 15, 2013

e Final Technical Report 1 — March 2013
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Methods

Stage | of this project involved several levels of data collection and analysis. The methods used to gather
and evaluate that data are described in the following sections. Additionally, information and feedback
gathered during the January 2013 workshop was integrated into the analysis presented below. The
results of these analyses are described in the Results section of this report. Feedback received during
the February 2013 workshop will be integrated into the analysis and will be reflected in the trade-off
analysis. Results of the trade-off analysis will be presented in Technical Report 2.

Identification of Management Questions and Metrics

Management questions, monitoring objectives, and monitoring metrics important to Ecology and
stormwater managers were identified by documenting and reviewing existing programs, including
monitoring methods and spatial and temporal attributes. Personnel were also asked to comment on
priority objectives for monitoring programs currently under development. Sources examined as part of
this process included Ecology’s Phase | and Il stormwater permits, and documents related to Ecology’s
Status and Trends Monitoring Program and River and Stream Ambient Water Quality Monitoring
Program (Table 2). Targeted discussions between Ecology staff and Tetra Tech personnel in November
and December of 2012 provided additional information for this effort. Information concerning municipal
stormwater monitoring objectives and efforts were gathered from annual reports, stormwater
management plans, monitoring reports, and discussions between stormwater managers and Tetra Tech
personnel (Table 2).

Through the process described above and consultation with the LCFRB, three monitoring programs not
included in previous gap analysis efforts undertaken by the LCFRB’s RME Program (LCFRB 2010) were
documented, including:

e City of Vancouver’s Burnt Bridge Creek Ambient Water Quality Monitoring Program;
e City of Centralia’s China Creek Monitoring Program; and
e Ecology’s River and Stream Ambient Water Quality Monitoring Program.

Analysis of current and future potential monitoring efforts produced a summary list of priority
management questions for stormwater monitoring in the Lower Columbia region. This list of
management questions was reviewed by staff from LCFRB, PNAMP, and Ecology to ensure that there
were no major omissions, and to provide feedback on project scope. Those questions that were
determined to be out of scope were removed from the analysis and are not discussed in this report.



Table 2. Sources consulted to identify management questions and monitoring objectives and metrics for
stormwater habitat status and trends monitoring in the Lower Columbia region

Washington
Department of
Ecology (Ecology)

Phase | Municipal Stormwater Permit, and Appendices (Ecology 2012b)

Western Washington Phase Il Municipal Stormwater Permit (Ecology 2012c)

2012 Status and Trends Stormwater Monitoring and Assessment Strategy for Small
Streams, an Addendum to Quality Assurance Monitoring Plan (Ecology 2011)

Status and Trends Monitoring for Watershed Health and Salmon Recovery, Quality
Assurance Monitoring Plan (Ecology 2006)

Quality Assurance Monitoring Plan, Stream Ambient Water Quality Monitoring (Ecology
2003)

Ambient Metals Project Proposal, Final Quality Assurance Project Plan (Ecology 1995)
River and Stream Water Quality Monitoring data (Ecology 2012a)

Lisa Cox, Washington State Department of Ecology, personal communication

Cowlitz County

2011 Western Washington Phase Il Municipal Stormwater Permit Annual Report (Cowlitz
County 2011)

Stormwater Monitoring Plan (City of Kelso 2010)

Patrick Harbison, Cowlitz County, personal communication

City of Aberdeen 2011 Western Washington Phase |l Municipal Stormwater Permit Annual Report and
Stormwater Management Program for 2012 (City of Aberdeen 2012)
Rick Sangder, City of Aberdeen, personal communication
City of Battle 2011 Western Washington Phase |l Municipal Stormwater Permit Annual Report and
Ground 2011 Stormwater Management Program (City of Battleground 2012)
Bryan Kast, City of Battle Ground, personal communication
City of Camas Stormwater Monitoring Plan (City of Camas 2011)

Eric Levison, City of Camas, personal communication

City of Centralia

Stormwater Management Plan (CH2MHill 2007)

2011 Western Washington Phase Il Municipal Stormwater Permit Annual Report (City of
Centralia 2011)

Kim Ashmore, City of Centralia, personal communication

Kayle Jennings, City of Centralia, personal communication

City of Kelso

Stormwater Monitoring Plan (City of Kelso 2010)
Van McKay, City of Kelso, personal communication

City of Longview

2011 Western Washington Phase Il Municipal Stormwater Permit Annual Report (City of
Longview 2012)

Stormwater Monitoring Plan (City of Longview 2011)

Josh Johnson, City of Longview, personal communication

City of Vancouver

Stormwater Management Program (City of Vancouver 2012a)

2011 Western Washington Phase Il Municipal Stormwater Permit Annual Report (City of
Vancouver 2012b)

2011 Monitoring Report, Burnt Bridge Creek Ambient Water Quality Monitoring
Program, and Appendices (Herrera 2011a)

Quality Assurance Project Plan, Burnt Bridge Creek Ambient Water Quality Monitoring
Project (Herrera 2011b)

Annette Griffy, City of Vancouver, personal communication

Dorie Sutton, City of Vancouver, personal communication




Table 2. Sources consulted to identify management questions and monitoring objectives and metrics for
stormwater habitat status and trends monitoring in the Lower Columbia region

City of Washougal | 2011 Western Washington Phase Il Municipal Stormwater Permit Annual Report (City of
Washougal 2012)
Rob Charles, City of Washougal, personal communication

Integrated Status | ISTM Attributes Access database

and Trends Research, Monitoring, and Evaluation Program for Lower Columbia Salmon and
Monitoring (ISTM) ' Steelhead (LCFRB 2010)
partners Evaluation and Prioritization of Monitoring Stream Habitat in the Lower Columbia

Salmon and Steelhead Recovery Domain as related to the Habitat Monitoring Needs of
ESA Recovery Plans, Draft (LCFRB 2012)

Additional monitoring priorities focused on habitat and human impacts management questions were
integrated into the needs assessment and other parts of the gap analysis process by synthesizing a
summary list of metrics across all monitoring entities in the Lower Columbia region. The metrics that
were included were those identified in the LCFRB’s RME Program as important for habitat and water
quality status and trends monitoring; metrics currently being monitoring by ISTM partners; metrics
currently monitored or required to be monitored by Ecology; and metrics currently monitored by
municipal stormwater permittees.

Needs Assessment

The needs assessment was intended to ascertain which metrics were necessary to fully answer the
priority management questions identified through the processes described earlier. Using the priority
management questions identified by Ecology and stormwater permittees, a minimum list of metrics
needed to address each question was created. This list was based on the metrics that NPDES Phase |
permits require permittees to monitor, those metrics used to address listing for water quality
impairments, metrics identified by stormwater permittees and Ecology, and additional metrics identified
based on the Tetra Tech/Sitka team’s experience in habitat and water quality monitoring. This list was
then synthesized with the list of habitat and water quality metrics recommended by LCFRB’s RME
program as those required to address salmonid threats and evaluate recovery in the Lower Columbia
region. Additionally, a review of the metrics collected by the ISTM partners, as documented in PNAMP’s
ISTM database, was conducted and any metrics not already represented were added to the list; this
approach assumes that the ISTM partners were already collecting the data needed to fully address their
respective management questions. The resulting summary list of metrics necessary to address
management questions related to habitat and water quality status and trends may contain metrics that
are not currently being collected by any ongoing monitoring programs. Conversely, programs may also
be currently implementing monitoring that collects some data in addition to what was identified
through this process; each monitoring program may have additional information needs that warrant
collection of metrics beyond the set of minimally required metrics.



Management Question Groups (MQG) and Metrics

Once the individual metrics needed to answer each management question were identified, the
guestions were assigned to Management Question Groups (MQGs) based on the similarity of metrics.
For example, many of the questions focused on the effectiveness of water quality measures for both
stormwater management and habitat improvement. Although these questions may have different
driving reasons behind them, the suite of metrics used to answer the questions was generally the same.
Using these similarities and feedback solicited from the LCFRB and stormwater permittees, three major
MQGs were developed and the potential spatial scales associated with each MQG were identified.

Gap Analysis

The current habitat and water quality status and trends monitoring programs in the Lower Columbia
region were identified (Table 3) and a list of metrics that are currently being collected was compiled; this
list was then compared with the list of metrics needed to answer each MQG. If no programs were
identified that were collecting a needed metric, the metric was identified as a data gap. These data gaps
and the number of programs collecting each required metric for each of the three MQGs are presented
in the Results section below. In the case that an entity has more than one monitoring program, each
program was counted separately. Programs not collecting any metrics within a particular MQG were
omitted from the corresponding table. Monitoring programs of some ISTM partners (namely, CHaMP
and the City of Centralia) are documented in the ISTM database, but were omitted from the gap analysis
because program data collection sites are outside the study area. Information on the data collected by
each ISTM partner monitoring program (including Clark County programs) was current as of 2011, and
information on stormwater permittee monitoring programs was current as of late 2012. However, these
monitoring programs continue to evolve and the gap analysis may not reflect changes after the dates on
which program information was gathered. Generally, the information used in the analysis and that
which is presented in this report reflects monitoring efforts that have been conducted over the last ten
years. Spatial gaps were also identified for all MQGs and are illustrated in Figures 4 through 8 in the
Results section of this report.



Table 3. Known programs collecting habitat and water quality/quantity status and trends data in the Lower Columbia region*

Organization Program Year Primary Spatial Design | Base URL Comments
Name Started’ | Objective | Category® Temporal
Scale
City of Burnt Bridge 2011 Status and | Opportunistic | Monthly www.cityofvancouve | Number of sites and monitoring frequency
Vancouver Creek Trends (targeted) r.us/upload/images/ | dependent on funding. May add winter
Ambient PublicWorks/2011- monitoring in future (same measurements but
Water Quality BBC- no temp). Field measurement procedures are
Monitoring WaterQualityMonitor | based on Standard Operating Procedures for
Program ingReport.pdf# the Collection, Processing, and Analysis of
Stream Samples (Ward 2007).
Clark County Hydrology 2003 Status and | Opportunistic | Continuous | www.clark.wa.gov/w
monitoring Trends ater-
(CCHMP) resources/monitorin
g/flow.html
Clark County Long-term 2001 Status Non-stratified | Annual www.clark.wa.gov/w | WA Ecology protocols; EPA EMAP protocols
Index Site Random ater-
Monitoring resources/monitorin
g/streammonitor.ht
ml#
Clark County Stormwater 2006 Status Census Every 5 www.clark.wa.gov/w | Various protocols; physical habitat data
Needs years ater- collected near road crossings and at habitat
Assessment resources/snap.html | breaks during stream reconnaissance walks;
Program Ecology protocols
(SNAP)
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Table 3. Known programs collecting habitat and water quality/quantity status and trends data in the Lower Columbia region*

Oregon National 2005 Status and | Stratified Every 5 http://water.epa.gov | National surveys designed, managed, and
Department of | Rivers and Trends GRTS years /type/rsl/monitoring | funded by USEPA. States and tribes are
Environmental | Streams /riverssurvey/index.c | partners, receiving funds to perform
Quality Assessment fm monitoring (and on occasion sample
(NRSA) processing). Surveys are conducted on
wadeable and non-wadeable streams and
rivers.
Oregon ODFW 2006 Status and | Stratified Annual http://oregonstate.e | Surveys only conducted in wadeable streams
Department of | Aquatic Trends GRTS du/dept/ODFW/fresh | within the current range of coho salmon
Fish and Inventory water/inventory/inde | spawning and rearing habitat.
Wildlife x.htm
Salmon Reach-Scale 2004 Effectiven | Stratified Annual www.rco.wa.gov/mo | Protocol for Effectiveness Monitoring of Fish
Recovery Effectiveness ess Random nitoring/basics.shtml | Passage Projects (Crawford 2011). Summary
Funding Board | Monitoring statistics calculated for each metric, then
statistics generated for the category as a
whole.
United States | Aquatic and 2002 Status and | Non-stratified | Annual www.reo.gov/monito | Surveys conducted in wadeable streams
Forest Service | Riparian Trends GRTS ring/reports/watersh | within the Northwest Forest Plan area.
Effectiveness ed/aremp/aremp.ht
Monitoring m
Program
(AREMP)
Washington Ambient 1959 Status and | Opportunistic | Annual www.ecy.wa.gov/pro
Department of | Stream Trends grams/eap/fw_benth
Ecology Biologic /ambient.html|
Monitoring
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Table 3. Known programs collecting habitat and water quality/quantity status and trends data in the Lower Columbia region*

(1959-2009)

Washington Ambient 2010 Status and | Opportunistic | Annual www.ecy.wa.gov/pro | These reference sites are monitored to build
Department of | Stream Trends grams/eap/fw_benth | reference descriptions for each ecoregion.
Ecology Biologic /ambient.html Random and hand-picked sites are eligible.
Monitoring
(2010-
current)
Washington River and 1959 Status and | Opportunistic | Monthly www.ecy.wa.gov/pro | Measurements may vary by monitoring station
Department of | Stream Water Trends grams/eap/fw_riv/rv | and year.
Ecology Quality _main.html|
(RSWQ)
Washington Watershed 2009 Status and | Stratified Annual www.ecy.wa.gov/pro | Metrics calculated to describe each site.
Department of | Health and Trends GRTS grams/eap/stsmf Scoring will be done relative to class-based
Ecology Salmon reference conditions. Descriptive statistics
Recovery and CDFs describe the indcators for the
(WHSR) region.

! CHaMP and the City of Centralia also have monitoring programs that are documented in the ISTM database, but were omitted here because monitoring sites are
outside the Lower Columbia region.
2 Year current program was initiated; current program may continue historic monitoring efforts in modified form.

3 Spatial Design Categories are described in the Monitoring Advisor:

http://www.monitoringadvisor.org/design/status-and-trend-monitoring-design/spatial-design-overview/

12



http://www.monitoringadvisor.org/design/status-and-trend-monitoring-design/spatial-design-overview/

Alternate Monitoring Scenario Development

The development of the alternate monitoring scenarios took into consideration all previous work
completed in Stage 1 of the project, including management questions and metrics. Additionally, an
analysis of the information that is currently collected by each monitoring entity and the sampling
designs that are being implemented was conducted to determine ways in which information collected in
the same area by different organizations could be used by all organizations monitoring that area. Three
key components of sampling design were also evaluated. A brief summary of the methods used in this
process are presented in this section; however, Appendices C and D provide additional details regarding
this work.

The sampling design of a monitoring program has three primary components, including spatial design
approach, spatial design domain, and temporal design. The spatial design approach describes how sites
will be selected. Spatial design domain is the geographic area over which those sites will be distributed.
Temporal design includes the study period and the temporal unit of the metrics. Study period is the
length of time over which the monitoring will occur and temporal unit is the unit of time for which each
metric is measured.

Spatial Design Approach

Methods for selecting sampling sites for monitoring environmental resources have often been fairly ad
hoc. Commonly used techniques for selecting a sample include census, model-based, probabilistic, and
opportunistic, which are defined below. Each of these methods, as well as the advantages and
challenges associated with each are described in greater detail in Appendix C.

e Census - sampling at all sites within the area of interest

e Model-based — selection of sites based on prior knowledge of population characteristics and the
relationship of sites to the target population as a whole; site locations are often chosen based
on a need to estimate parameters of a model, and so should represent the whole range of
variation in the parameter (e.g., water temperature)

e Probability or Survey — randomized selection of sampling sites across the area of interest (e.g.,
using Generalized Random-Tessellation Stratified [GRTS] survey) provides a spatially
balanced, random sample

e Convenience or Opportunistic — selection of sampling sites based on ease of access, expert
opinion, or other subjective criteria

Currently, a mixture of opportunistic samples and probability samples are being used for monitoring in
the Lower Columbia. Three options were considered when evaluating spatial design approach for the
alternate monitoring scenarios:

(1) Continue under the present situation, using both probability and convenience sampling;

(2) Modify the convenience designs to move towards a probability sample, while utilizing model-
based methods to merge opportunistic and probabilistic sample data; and

13



(3) Replace all convenience sampling with a coherent probability sample.

While the first option would be easy to continue, it may not be cost-effective or enable the coordinated
effort that is the focus of this project. Option 2 involves several techniques that would allow the
convergence of existing opportunistic and probabilistic sample data, while moving toward a probabilistic
design. The third option for integrating monitoring is to replace all samples with a probability sample.
While this option would lead to a spatially balanced, random sample, it could results in the loss of legacy
sites that were monitored prior to the implementation of this design.

Another consideration when evaluating what type of spatial design approach is appropriate is the spatial
scale desired for monitoring and reporting, as well as the conceptual representation of the monitored
population. Different spatial perspectives can imply different population units, and consequently,
different sampling designs, as follows:

e From the watershed perspective, the population of interest is the collection of watersheds
within a defined spatial domain. A sampling design would be constructed by identifying all
watersheds of interest within the domain, and then applying one of the design types noted
above to select watersheds to sample.

e From the stream reach perspective, the population of interest is either the collection of stream
reaches, perhaps defined by physical characteristics (e.g., confluences) or fixed lengths. The
population units are the reaches. A sample is selected by defining all reaches in the network,
and again, applying one of the design types noted above. Information from a sample of reaches
can be aggregated to obtain watershed-level information for some metrics.

e [f the network is viewed as the continuum of all points on the network, a sample is selected by
dropping points on the network, and sampling a plot around the point samples. Again, the
information from the individual samples can be aggregated to obtain a watershed-level
attribute, for some metrics.

The metric itself may drive the spatial perspective. If a metric has high temporal variability and must be
measured frequently, then the watershed perspective and an opportunistic monitoring strategy may
lead to the most efficient design. The sampling could rely on the natural physical integration of the
water flow, and only sample at the outflow of a watershed. It may be feasible to do frequent sampling
at one point in the watershed where it would not be feasible to take frequent repeat samples of reaches
or points within the watershed.

In contrast, other metrics may require sampling a larger number of sites on a less frequent basis to
better describe overall watershed conditions and identify differences in conditions within the
watershed. In this situation a probabilistic design may produce the most efficient design. In a
probabilistic design based on stream length, each site is assigned a weight equal to the length of stream
represented by that site.
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Even though designs with different perspectives may be sampling the same watershed and collecting
similar metrics, the different designs may make sharing information difficult. For instance, using an
opportunistic sampling design for watershed outflow may be difficult to incorporate into a probabilistic
sampling design. The focus of Workshop 2 will be discussing the advantages and disadvantages of site
selection using probabilistic and opportunistic spatial designs. Consideration of the perspectives
described above will help guide the process of determining which spatial design approach is most
appropriate.

Spatial Design Domain

Spatial design domain was also considered when developing the alternate monitoring scenarios.
Monitoring entities currently operating in the Lower Columbia region may divide the Lower Columbia
region into different spatial domains, depending on respective areas of interest. The spatial domain can
be divided up into smaller areas, or spatial strata, to help focus on a particular management question of
interest. Some examples of spatial strata currently being used by monitoring programs within the Lower
Columbia region stream network include:

e Salmon-bearing/non-Salmon-bearing streams

e Coast/Cascade/Gorge;

e Inside/outside the jurisdiction of a NPDES stormwater permit;
e Inside/outside the jurisdiction of each stormwater permittee

For a coordinated effort as will be recommended under this project, it is important to consider ways to
combine the different spatial strata so that monitoring data can be rolled-up to reflect status and trends
of the entire Lower Columbia region.

Temporal Design

During the development of the alternate monitoring scenarios, temporal design was also considered, as
it relates to the frequency of sampling and approaches for balancing monitoring to assess status versus
monitoring to assess trend. Describing the status of a resource requires that sampling be conducted less
frequently at sites spread across a geographical area. Assessing trend typically involves repeat samples
at more frequent intervals in the same location. The study period is the entire length of time that the
study will be conducted (e.g., study of long-term trend over 20 years) and the temporal unit is the unit
of time for which a metric is reported (e.g., yearly, seasonally, or hourly). In some cases, monitoring
programs can be designed to include a hybrid, or split panel , temporal design that incorporates
sampling at different intervals, depending on the metric or sample site (e.g., water pH measured
monthly but sediment chemistry measured annually). This approach can help balance the need for
assessing both status and trends within a given monitoring program. The potential for these options
was evaluated during Stage 1.
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Results

Management Question, MQG, and Metric Analyses

The priority management questions important to Ecology and stormwater managers, their grouping, and

their applicable scales, is summarized in Table 4. Metrics identified as useful in answering the questions

within each management question group, including those metrics identified in the RME program

analysis and those monitored by ISTM partners, are presented in Table 5. For ease of presentation,

required metrics were grouped into metric subcategories; a subcategory represents a suite of metrics

that can be calculated from the same measurement (e.g., normal hydrograph, peak flow, low flow). The

full list of metrics is provided in Appendix B.

Table 4. Management questions identified as important to Ecology and stormwater permittees, their grouping,
and rationale for exclusion from further analysis

Management Management Question Scale(s) of Monitoring Included in
Question Group Analysis?
(MQG)
Water Quality & | e What is the status and trend of water e Lower Columbia Region Yes
Quantity quality and flow in receiving e Jurisdiction of each
waters/surface waters/stormwater? stormwater permittee
e Where do water quality conditions not * Reach/subbasin/‘ESU 5 ves

support beneficial/water dependent * Management unit (5-15 mi’)

uses? Ves
e How effective are clean water programs

at meeting water quality criteria or

standards? Yes
e Are receiving waters in compliance with

water quality standards?

Habitat e What are the status and trends of in- e Lower Columbia Region Yes
stream biological and both in-stream e Jurisdiction and financial
and riparian habitat conditions (in terms responsibility of each
of both quality and quantity)? stormwater permittee

e Are there significant effects of habitat * Reach-subbasin-ESU
degradation on the observed e Management unit (5-15 mi?) Yes
abundance, productivity, spatial e Water Resource Inventory
structure, and diversity of the natural- Area (WRIA)
origin fish in this population?

Human Activity e What are the overall impacts of human ¢ Lower Columbia Region No - best
activities on freshwater habitat and e Inside/outside Urban Growth | addressed
landscape processes? Areas using

e Land use (commercial, remote
suburban, residential) sensing
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Table 5. Metrics identified to answer the management questions in each MQG

Management Question

o . 1
Group (MQG) Metric Category Metric Subcategory
Bacteria Fecal Coliform
Conventional Oil and Grease
Parameters
weighted fraction of Volatile
Organic Compounds
Poly-aromatic hydrocarbons
In Sediments
Polychlorinated Biphenyls
Contaminants/
Toxics/ Volatile Organic Compounds
Pollutants
Arsenic
Cadmium
Copper
Metals bp
Lead
Mercury
Zinc
Status and Trends of Water - Organo-chlorine
. Pesticides
Quality Organo-phosphates

Hydrology/Water Quantity

Flow

Macroinvertebrates

Macroinvertebrate Index

Sediment/Substrate/Soils

Suspended Solids

Total Solids

Conventional
Parameters

Biochemical Oxygen Demand
Conductivity
Dissolved Oxygen
pH
Turbidity
Water Temperature

Water Quality

Nutrients

Ammonia
Nitrate+Nitrite-Nitrogen
Nitrate-Nitrogen
Total Nitrogen
Total Phosphorus

Other

Other 303(d) Parameters”

Soluble Reactive Phosphorus

Status and Trends of
Habitats

Classification of Ecological/Geological
Attribute

Form/Morphology
Land Use
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Table 5. Metrics identified to answer the management questions in each MQG

Disturbance/Restoration

Abundance of Man-made
Structures

Disturbance Presence

Landscape Form & Geomorphology

Abundance of Species Migration
Barriers
Aquatic or Floodplain
Geomorphology:
Wetland Availablity
Density of Habitat Type
Density of Instream Large Woody
Debris
Distribution of Instream Large
Woody Debris
Floodplain Connectivity
Gradient
Length/Width/Area
Recruitment of Instream Large
Woody Debris

Light

Light Concentration/Shade

Macroinvertebrates

Abundance of
Macroinvertebrates

Multi-Species

Abundance of Invasive Species

Sediment/Substrate/
Soils

Bank Stability
Composition: Substrate/Soil -
Size
Erosion

Upland Geomorphology

Impervious Surfaces

Abundance/Cover of Vegetative

Status and Trends of
Human Impacts

. Species
Vegetation/Plants " . .
Composition: Vegetative Species
Assemblage
Classification of Ecological Land Use

Contaminants/Toxics/Pollutants

Number of 303(d) listings’

Disturbance/Restoration

Disturbance Presence

Water Quality

Conventional Parametersl

1 . .
A metric subcategory represents a group of metrics that can be calculated from the same measurement (e.g.,
water temperature average, maximum, or minimum).

2 303(d) is a section of the Clean Water Act that required identification of waters where required pollution controls
are insufficient to achieve or maintain water quality standards. Water bodies on the 303(d) list are considered to
be impaired or threatened for identified parameters.
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Assessments of the impact of human activities are implemented on a landscape scale, apart from the
scale at which other MQGs are addressed. Analysis of human impacts would ideally involve remote
sensing technologies such as LIDAR, Landsat coverages, and other remote-sensing techniques that could
look at larger landscape-level changes and relate them to changes in habitat and water quality.

Gap Analysis

As part of the gap analysis, data regarding the spatial distribution of current monitoring efforts across
the Lower Columbia region was compiled and is illustrated in Figure 3. This includes current stormwater
monitoring, as well as known monitoring programs being implemented by Ecology and the ISTM
partners. This figure and following MQG-specific figures include sites monitored for long-term trends, as
well as those at which shorter-term status monitoring is implemented.

For each of the MQGs, maps were developed to illustrate the geographic extent of current monitoring
(Figures 4 through 8) of those metrics identified as being necessary to answer the management
qguestions in the MQG; the metrics currently monitored by each program are provided in Tables 6
through 8. The extent of data collection at each location is also shown, where sites at which a larger
number of metrics related to that MQG are collected are shown with darker points on the maps. Due to
the limited scope of this project, the gap analysis assumes that, within a program, the metrics collected
are the same across all monitoring sites and are the same from year to year. Because habitat status and
trends monitoring in the Lower Columbia region is generally linked to salmon recovery efforts, Figures 5
through 8 overlay the distribution of habitat monitoring sites on the ranges (ESU’s) of listed salmonid
populations within the region.
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Figure 3. Habitat status and trends monitoring sites in the Lower Columbia region
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For the Status and Trends of Water Quality and Quantity MQG, twelve known programs are currently
conducting monitoring in the Lower Columbia region to address management questions and metrics
within this group. Several gaps were identified by noting that no programs are currently monitoring the
following metric subcategories: oil and grease, the weighted fraction of volatile organic compunds, poly-
aromatic hydrocarbons, polychlorinated biphenyls, organo-chlorine, organo-phosphates, biochemical
oxygen demand, other 303(d) parameters, and soluble reactive phosphorous (Table 6). Temperature is
the mostly commonly monitored metric subcategory for this MQG, followed by turbidity, conductivity,
dissolved oxygen, pH, and flow (Table 6).

Eleven known programs were identified as monitoring within the Lower Columbia region to address the
management questions and metrics listed under the Status and Trends of Habitat MQG. Fewer gaps
were identified for this group MQG than for Status and Trends of Water Quality and Quantity. Density of
habitat type and impervious surfaces were the only metric subcategories that are not currently being
monitored by at least one program (Table 7). Among the most commonly monitored metric
subcategories were abundance of species migration barriers, length/width/area of landscape-related
metrics, distribution of instream wood, recruitment of instream wood, light Concentration, and erosion
(Table 7).

The only metric subcategories currently being monitored in the Status and Trends of Human Impacts
MQG are land use and disturbance presence (Table 8). The number of 303(d) listings and conventional
water quality parameters were identified as additional metric subcategories that could be collected to
address the MQG; however, of the two programs currently conducting Human Impacts monitoring,
neither are monitoring these metrics (Table 8). Through this project, it was determined that this MQG
would best be addressed through desktop analyses such as GIS, Landsat, or LiDAR, rather than status
and trends monitoring through field data collection. Consensus was reached on this during the technical
workshop with the stormwater permittees, Ecology, and LCFRB.
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Table 6. Gap analysis of metrics currently collected to address the Status and Trends of Water Quality and Quantity. Gaps are shown in red.

Washington
Oregon . .
. Oregon Recreation |United States
. City of Department .
Metrics Clark County Department of . and Forest Washington Department of Ecology
Vancouver . of Fish and . .
Environmental o Conservation Services
. Wildlife .
Quality Office
Burnt Bridge . ) .
# Aquatic and Ambient Ambient
Stormwater Creek . . L. ) Watershed
. . Programs Long-term ] National Rivers . Reach-Scale Riparian Stream Stream River and
Metric Category Metric Sub Hydrology . Needs Ambient Aquatic . . . . . . Health and
1 Currently L. Index Site .| and Streams Effectiveness | Effectiveness Biologic Biologic  |Stream Water
Category . monitoring L. Assessment |Water Quality Inventory L. L. L. L. . Salmon
Collecting Monitoring L. Assessment Monitoring | Monitoring | Monitoring | Monitoring Quality
. Program Monitoring Recovery
Metric Program (1959-2009) [(2010-current)
Program
Bacteria Fecal Coliform Not Collected| Collected Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected | Not Collected

Conventional

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Parameters |Oil and Grease
Weight Fraction of
Volatile Organic Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected
Carbons
Poly-aromatic
In Sediments. |hydrocarbons Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected
Polychlorinated
Contaminants/ Biphenyls Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected
Toxics/ Volatile Organic
Pollutants Compounds Not Collected | Not Collected | Not Collected | Not Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected | Not Collected
Arsenic Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Cadmium Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected | Not Collected
Metals Copper Not Collected| Collected Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Lead Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Mercury Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected | Not Collected
Zinc Not Collected| Collected Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Organo-chlorine Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected
Pesticides Organo-phosphates Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected
Hydrology/Water Quantity Flow Collected Collected | Not Collected | Not Collected Collected Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Macroinvertebrate
Macroinvertebrates Index Not Collected| Collected Collected | Not Collected Collected Not Collected | Collected |Not Collected| Collected Collected | Not Collected| Collected
Suspended Solids Not Collected | Not Collected | Not Collected | Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Sediment/Substrate/Soils Total Solids Not Collected| Collected Collected | Not Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected | Not Collected

Water Quality

Conventional
Parameters

Biochemical Oxygen
Demand

Conductivity

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Collected

Collected

Collected

Collected

Not Collected

Not Collected

Not Collected

Not Collected

Collected

Collected

Collected
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Table 6. Gap analysis of metrics currently collected to address the Status and Trends of Water Quality and Quantity. Gaps are shown in red.

Soluble Reactive

Phosphorous

Dissolved Oxygen 8 Not Collected| Collected Collected Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
pH 8 Not Collected| Collected Collected Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Turbidity 8 Not Collected| Collected Collected Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Water Temperature 10 Not Collected| Collected Collected Collected Collected Collected |Not Collected| Collected |Not Collected| Collected Collected Collected
Ammonia 5 Not Collected| Collected Collected Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected | Not Collected
Nitrate+Nitrite-
. Nitrogen s Not Collected| Collected Collected Collected Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected | Not Collected

Nutrients Nitrate-Nitrogen 1 Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Collected | Not Collected
Total Nitrogen 5 Not Collected | Not Collected | Not Collected | Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
Total Phosphorus 7 Not Collected| Collected Collected Collected Collected Not Collected | Not Collected | Not Collected | Not Collected | Collected Collected Collected
S::;i?:r(;) Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected | Not Collected

Other

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

Not Collected

1 - - . —
A metric subcategory represents a group of metrics that can be calculated from the same measurement (e.g., water temperature average, maximum, or minimum).

2 303(d) is a section of the Clean Water Act that required identification of waters where required pollution controls are insufficient to achieve or maintain water quality standards. Water bodies on the 303(d) list are considered to be impaired or threatened.
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Figure 4. Distribution of water quality status and trends monitoring sites in the Lower Columbia region
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Table 7. Gap analysis of metrics currently collected to address the Status and Trends of Habitat. Gaps are shown in red.

Oregon Washington
Oregon . .
Department Department Recreation United
Metrics Clark County of ofr:=ish and and States Forest Washington Department of Ecology
Environmental Wildlife Conservation Services
Quality Office
Ambient
# A i Ambi
Stormwater National qt_:atuf and mbient Stream River and Watershed
Programs Hydrolo Long-term Needs Rivers and Aquatic Reach-Scale Riparian Stream Biologic Stream Health and
Metric Category Metric Sub Category' Currently v . _gy Index Site 9 Effectiveness | Effectiveness Biologic . g.
R monitoring N Assessment Streams Inventory o . e Monitoring Water Salmon
Collecting Monitoring Program Assessment Monitoring Monitoring Monitoring (2010 Qualit Recover
Metric & Program (1959-2009) y y
current)
Not Not Not
Il Il N Il Il N Il Il Il Il
Classification of Form/Morphology 6 Collected Collected Collected ot Collected Collected ot Collected Collected Collected Collected Collected Collected
Ecological or Geological Not Not Not Not Not Not Not Not
2 Il Il N Il
Attribute Land Use Collected Collected Collected Celllzzice Celllzace it (Coll i Collected Collected Collected Collected Collected
Abundance of Man-made Not Not Not Not Not Not Not Not
1 N Il Il N Il
Structures Collected Collected Collected el Callssice Celllzace it (Coll i Collected Collected Collected Collected Collected
Not Not Not Not Not Not Not Not
1 N Il Il N Il
Disturbance/Restoration | Disturbance Presence Collected Collected Collected el Cellssice Celllzace it (Coll i Collected Collected Collected Collected Collected
A f i N N N
t?undénce ° ?peues 8 Collected Collected ot Collected Collected Not Collected ot ot Collected Collected Collected
Migration Barriers Collected Collected Collected
ézg‘:groazll?d'plam 1 Not Not Not Not Collected Collected Not Collected Not Not Not Not Not
P .gy.. Collected Collected Collected Collected Collected Collected Collected Collected
Wetland Availablity
Not Not Not Not Collected Not Not Collected Not Not Not Not Not
Density of Habitat Type Collected Collected Collected Collected Collected Collected Collected Collected Collected
Not Not Not Not Not
. 5 Collected Collected Not Collected Collected Collected Collected
Density of Instream Wood Collected Collected Collected ofiecte ofiecte ot tLoflecte ofiecte Collected ofiecte Collected ofiecte
Distribution of Instream Not Not Not Not
Wood 7 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected
Not Not Not Not Not Not
Floodplain Connectivity 4 Collected Collected Collected Collected Collected AEiACHEEC Collected Collected Collected Collected Collected
Not Not Not Not Not Not Not Not
Gradient ! Collected Collzsize Collected et Celliesirerd Collected Mot Gellieizd Collected Collected Collected Collected Collected
Not Not Not
. 8 Collected Collected Collected Collected Collected Collected Collected Collected
Length/Width/Area Collected ofiecte oniecte ofiecte ofiecte ofiecte ofiecte Collected oniecte Collected oniecte
Landscape Form & Recruitment of Instream Not Not Not Not
7 Collected Collected Collected Collected Collected Collected Collected
Geomorphology Wood Collected ofiecte Collected ofiecte ofiecte ofiecte ofiecte Collected oniecte Collected oniecte
Not Not Not Not
. . . 7 Collected Collected Collected Collected Collected Collected Collected
Light Light Concentration Collected ofiecte Collected ofiecte oriecte oriecte olecte Collected orecte Collected orecte
Abundance of Not Not Not Not Not Not
Il Il Il
Macroinvertebrates Macroinvertebrates 3 Collected Collected Collected o Callesiee Collected Mor: Galltesiee Collected Celllzsice Celllzsice Collected Celllzsice
Abundance of Invasive 1 Not Not Not Not Collected Not Collected Not Not Not Not Not
Multi-Species Species Collected Collected Collected Collected Collected Collected Collected Collected Collected
Not Not Not Not Not
. . . 5 Collected Collected Collected Not Collected Collected Collected
Sediment/Substrate/Soils | Bank Stability Collected ofiecte oniecte ofiecte Collected ot Loflecte Collected Collected onecte Collected onecte
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Table 7. Gap analysis of metrics currently collected to address the Status and Trends of Habitat. Gaps are shown in red.

Upland Geomorphology

Vegetation/Plants

gt?kr;froast:i/(;g:il - Size 6 Colll\leocfced Collected Colll\leocfced Collected Coll;le(::ied Collected Collected Coll;le(::ied Collected Coll:le?:ied Collected
Erosion 7 Colll\leocfced Collected Collected Collected Collected Collected Colll\le(::tted Colll\le(::tted Collected Colll\le?:tted Collected
Impervious Surfaces - Colll\leocfced Colll\leocfced Colll\leocfced Not Collected Coll;le(::ied Not Collected Colll\le(::tted Coll;le(::ied Col|l\|e0ctted Coll:le?:ied Col|l\|e0ctted
épl)):cr;z.: nee of Vegetative 2 Colll\leocfced Colll\leocfced Colll\leocfced MaiseelEE Solltests Solltests Colll\le(::tted Coll;le(::ied Col|l\|e0ctted Coll:le?:ied Col|l\|e0ctted
gs;nc?eisxzz;n\sfzzatwe 4 Colll\leocfced Colll\leocfced Colll\leocfced Collected Coll;le(::ied Collected Colll\le(::tted Coll;le(::ied Collected Coll:le?:ied Collected

1 . . . . .
A metric subcategory represents a group of metrics that can be calculated from the same measurement (e.g., water temperature average, maximum, or minimum).
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Figure 5. Distribution of sites monitored for habitat status and trends in relation to Chinook salmon
populations in the Lower Columbia region. Only sites within the Chinook salmon range are shown.
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Figure 6. Distribution of sites monitored for habitat status and trends in relation to steelhead
populations in the Lower Columbia region. Only sites within the steelhead range are shown.
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Figure 7. Distribution of sites monitored for habitat status and trends in relation to Coho salmon
populations in the Lower Columbia region. Only sites within the Coho salmon range are shown.
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Figure 8. Distribution of sites monitored for habitat status and trends in relation to chum salmon
populations in the Lower Columbia region. Only sites within the chum salmon range are shown.
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Table 8. Gap analysis of metrics currently collected to address the Status and Trends of Human Impacts.
Gaps are shown in red.

Oregon
Department Oregon
Metrics of Department of
Environmental | Fish and Wildlife
Quality
# .
Programs National
& Rivers and Aquatic
. . 1 | Currently
Metric Category Metric Subcategory . Streams Inventory
Collecting
Assessment
Data
Metric
Classification of Ecological Land Use 2 Collected Collected
Contaminants/Toxics/Pollutants | Number of 303(d) Not Collected Not Collected
listings®
Disturbance/Restoration Disturbance Presence Not Collected Collected
Water Quality Conventional Not Collected | Not Collected
Parameters’

A metric subcategory represents a group of metrics that can be calculated from the same measurement (e.g.,
water temperature average, maximum, or minimum)

2303(d) is a section of the Clean Water Act that required identification of waters where required pollution controls
are insufficient to achieve or maintain water quality standards. Water bodies on the 303(d) list are considered to
be impaired or threatened.

3See Table 6 for specific parameters

Alternate Monitoring Scenario Development

In developing the alternate monitoring scenarios, several key design elements were evaluated, including
management questions, metrics, and sampling design. A document was prepared to describe these
design considerations in detail and it is attached as Appendix D. Three alternate monitoring scenarios
were developed as part of this process:

e Scenario 1: No Change/Current Level of Effort
e Scenario 2: Moderate Additional Effort
e Scenario 3: Full Monitoring Effort

A brief summary of the scenarios is included in this section; however, the full documents describing each
of the scenarios and the background information are attached as Appendix E.

Scenario 1: No Change/Current Level of Effort

Under Scenario 1, there would be no change to the current level of monitoring effort within the region
(Table 9). The stormwater entities that are currently monitoring would continue to do so at water
quality (WQ) sites and those that do not have an existing program would not implement one. Habitat
monitoring efforts in the region would also continue as they are currently operating at habitat sites.
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Table 9. Level of effort under Scenario 1

Monitoring Entity
Stormwater Permittees ISTM Partners

Site Type

Limited to Full WQ Protocol

(dependent on program) No Sampling

Water Quality (WQ)

Full Habitat Protocol (including
the Basic suite of WQ metrics
currently collected by some
programs)

Habitat No Sampling

Under this scenario, the management questions currently answered by each program would continue to
be answered; however, no additional questions would be addressed. The metrics being collected by
each program would still be collected, but no new metrics would be added. As a result, the data gaps
that currently exist would remain unaddressed. The combination of probabilistic and opportunistic
sampling, as well as existing spatial and temporal domains would be unchanged and the level of analysis
would remain the same.

Scenario 1 would not allow for the implementation of new monitoring programs or expansion of current
programs. The Department of Ecology has expressed that additional (status and trends of water quality
and/or habitat) monitoring will be required by all stormwater permittees as of the next permit cycle. As
a result, this option would not meet the regulatory requirement set forth at that time. Additionally,
data sharing capabilities would not be improved, nor would the regional perspective of habitat status
and trends within the Lower Columbia region.

Scenario 2: Moderate Additional Effort

Scenario 2 describes a moderate level of additional effort on the parts of both the stormwater
permittees and the ISTM partners (Table 10). At water quality sites, stormwater permittees would
collect the full suite of water quality metrics and a limited number of habitat metrics. ISTM partners
would collect the full suite of both water quality and habitat metrics at those sites. At habitat sites, the
ISTM partners would collect all of the habitat metrics, but only a limited amount of water quality
information. Stormwater permittees would not collect data at the habitat sites.

Table 10. Level of effort under Scenario 2

Monitoring Entity
Stormwater Permittees ISTM Partners

Site Type

Full WQ Protocol / Basic Habitat Full WQ Protocol / Full Habitat

Water Quality (WQ) Protocol Protocol

Basic WQ Protocol / Full Habitat

Habitat No Sampling Protocol
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Under Scenario 2, management questions related to status and trends of water quality and quantity
would be fully addressed at WQ sites. Those questions related to status and trends of habitat would be
entirely addressed at habitat sites. Monitoring intensity (number of metrics) would vary by site type and
monitoring entity, and this scenario would provide options for level of effort (e.g., full WQ protocol,
basic WQ protocol, full habitat protocol, basic habitat protocol).

The sampling design under Scenario 2 would include a pseudo-probability design approach which would
allow the use of data from both probabilistic and opportunistic sites. All new sites selected under this
design would be chosen using a probability design. A single spatial domain would be defined as the
Lower Columbia region, with multiple spatial strata that would be nested and could be rolled-up into
larger strata. All sites would use the same study period and would be monitored using the same
temporal unit; however, the temporal unit would vary by metric.

Scenario 2 provides an option that allows both stormwater and ISTM partners to collect some additional
data, which could then collectively be used to gain a region perspective on the status and trends of
habitat and water quality and quantity in the Lower Columbia. By providing options for level of effort,
no single entity would be required to collect the full suite of habitat and water quality metrics at all
sites. By working collaboratively, a greater amount of data could be collected and shared, without any
particular entity assuming the entire financial burden. Under this alternative, data could also be shared
among entities, which could increase sample size and statistical validity.

Scenario 3: Full Monitoring Effort

Under Scenario 3, both stormwater permittees and ISTM partners would collect the full suite of water
quality and habitat metrics at every water quality and habitat site (Table 11). All management questions
associated with the status and trends of water quality and quantity and habitat would be addressed fully
under this scenario. All monitoring sites would be chosen using a probability sampling design, which
would result in current monitoring sites being phased out, unless they were selected as part of the new,
randomized sample. Just as was described for Scenario 2, a single spatial domain would be defined as
the Lower Columbia region, with multiple spatial strata that would be nested and could be rolled-up into
larger strata. All sites would use the same study period and would be monitored using the same
temporal unit; however, the temporal unit would vary by metric.

Table 11. Level of effort under Scenario 3

Monitoring Entity
Stormwater Permittees ISTM Partners

Site Type

Full WQ Protocol / Full Habitat Full WQ Protocol / Full Habitat

Water Quality (WQ) Protocol Protocol

Full WQ Protocol / Full Habitat Full WQ Protocol / Full Habitat

hidbia Protocol Protocol
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Scenario 3 would require a substantial increase in the level of effort contributed by both stormwater
permittees and ISTM partners. It would likely be rather time consuming to implement, require
additional manpower, and could be costly for all parties involved. Under this option, however, data
sharing and statistical analysis capabilities would be maximized.

Discussion and Summary

The Lower Columbia Habitat Status and Trends Monitoring Project was implemented to work towards
developing recommendations for an integrated habitat and water quality monitoring design that could
be applied across the Lower Columbia region. This effort builds on several previous projects, including
the LCFRB’s RME Program and PNAMP’s ISTM work. Through the current effort, stormwater
management questions and priority metrics were identified for Phase | and Phase Il permittees and
incorporated into the analysis. Integration of existing efforts across the region is intended to address
salmonid recovery plan goals, while also helping to attain the objectives of habitat and water quality
monitoring programs at the local and regional levels.

A review of the identified stormwater priority management questions and metrics, along with previously
identified ISTM partner and RME program metrics, revealed three Management Question Groups in the
region: Status and Trends of Water Quality and Quantity; Status and Trends of Habitat; and Status and
Trends of Human Impacts. Although many of the metrics within the first two MQGs are currently being
monitored by multiple programs across the region; the gap analysis revealed nine metric gaps in the
Status and Trends of Water Quality and Quantity MQG and two metric gaps in the Status and Trends of
Habitat MGQ. The Status and Trends of Human Impacts MQG is only partially being evaluated by two
programs. Workshop 1 discussions reached consensus regarding the management questions and
metrics, grouping of those into the MQGs, and the scales at which those MQGs should be addressed.

Assessments of the impact of human activities are implemented on a landscape scale, apart from the
scale at which other MQGs are addressed. Analysis of human impacts would ideally involve remote
sensing technologies such as LIDAR, Landsat coverages, and other remote-sensing techniques that could
look at larger landscape-level changes and relate them to changes in habitat and water quality.
Consensus was reached on this during the first technical workshop with the stormwater permittees,
Ecology, and LCFRB.

Following Workshop 1, an analysis of alternate monitoring designs was conducted to determine the
feasibility of combining samples for existing programs, which included both opportunistic and
probabilistic samples. This information was used to support the development of three alternate
monitoring scenarios and a document describing background information for the design alternatives. In
February of 2013, the scenarios and background information were presented at Workshop 2 to solicit
feedback regarding which alternatives should be taken to Stage 2 of this project, the trade-off analysis.

At Workshop 2, a discussion session took place regarding the advantages and disadvantages of each
scenario, as well as the pieces that attendees found to be most and least useful. The discussion of
Scenario 1 led to a list of pros and cons, but ultimately participants agreed that it would not allow
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stormwater permittees to meet upcoming regulatory requirements that will likely be implemented by
the Department of Ecology during the next permit cycle. The group also reached consensus that
Scenario 3 would be too costly for the amount of value added, and that many of the entities involved
lacked the funding that would necessary to implement that option. While discussing Scenario 2, the
workshop participants suggested that the metrics could be tiered to provide options for level of effort
(e.g., high, medium, low). There was also a suggestion that additional refinement of the management
guestions may be needed, but that it would not likely occur as part of this project. Ultimately,
consensus was reached that Scenarios 1 and 3 would not be carried through the trade-off analysis in
Stage 2, but that some options under Scenario 2 would be developed and taken through that process.
As a result, Scenarios 1 and 3 will not be discussed during Stages 2 or 3 of this project. Appendix F
includes the feedback collected from the workshop participants during Workshop 2. A request was also
sent out following the workshop to solicit input from any of the ISTM partners, stormwater entities, or
other stakeholders that were unable to attend Workshop 2. Their feedback is also included in Appendix
F.

Stage 2 of this project will involve the trade-off analysis of the options developed under Scenario 2.
Through that process, the comments and additional input received during and after Workshop 2 will be
addressed. The results of the trade-off analysis will be presented at a set of workshops in March. The
methods and results of that process, as well as the feedback gathered during Workshops 3 and 4 will be
presented in a separate report, Technical Report 2.
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Table A-1. List of Participants - Workshop 1, January 15, 2013

Last Name First Name | Affiliation

Adams Karen Washington Department of Ecology

Anhorn Randy Washington Department of Ecology

Bergdolt Fred Washington State Department of
Transportation

Breckel Jeff Lower Columbia Fish Recover Board

Charles Rob City of Washougal

Cox Lisa Washington Department of Ecology

Duren Olivia Tetra Tech

Frazier Pat Lower Columbia Fish Recover Board

Gross Tricia TetraTech

Harbison Patrick Cowlitz County

Johnson Josh City of Longview

Kast Bryan City of Battle Ground

McKay Van City of Kelso

Ory Jill Sitka Technologies

Plotnikoff Rob Tetra Tech

Puls Amy USGS/PNAMP

Rentmeester | Steve Sitka Technologies

Schnabel Jeff Clark County

Sutton Dorie City of Vancouver

Swanson Rod Clark County

Tereski Melody Lower Columbia Fish Recover Board
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Table A-2. List of Participants - Workshop 2, February 15, 2013

Last Name First Name | Affiliation

Bayer Jen USGS/PNAMP
Breckel Jeff LCFRB

Charles Rob City of Washougal
Cox Lisa WA Ecology

Frazier Pat LCFRB

Griffy Annette City of Vancouver
Gross Tricia TetraTech

Kast Bryan City of Battle Ground
McKay Van City of Kelso

Puls Amy USGS/PNAMP
Rentmeester | Steve Sitka

Sawyer Scott City of Battle Ground
Schnabel Jeff Clark County

Sutton Dorie City of Vancouver
Swanson Rod Clark County

Tereski Melody LCFRB

Crowley Keven WSU-Vancouver
Schwartz Matt LCREP

Dyrland Richard Fish First
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Appendix B - Relationship of Specific Metrics to Metric Sub-categories
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Table A-2. Relationship of specific metrics to metric subcategories

MQG Metric Category Metric SubCategory' Metrics
Bacteria Fecal Coliform Fecal Coliform
Conventional Oil and Grease Oil and Grease
Parameters
Weighted fraction of Volatile Organic Weighted fraction of Volatile Organic
Compounds Compounds
In Sediments | poly-aromatic hydrocarbons Poly-aromatic hydrocarbons
Polychlorinated Biphenyls Polychlorinated Biphenyls
Volatile Organic Compounds Volatile Organic Compounds
Contaminants/Toxics/ Arsenic Arsenic
Pollutants Cadmium Cadmium
Copper Copper
Metals PP PP
Lead Lead
Mercury Mercury
Status and - -
Zinc Zinc
Trends of besticides | p :
Water Quality Organo-chlorine es |<':| es in sediments - organo
i . chlorine
and Quantity Pesticides

Organo-phosphates

Pesticides in sediments - organo-
phosphates

Hydrology/Water Quantity

Flow

Normal hydrograph, low flow, peak
flow

Macroinvertebrates

Macroinvertebrate Index

Macroinvertebrate index

Sediment/Substrate/Soils

Suspended Solids

Suspended Sediments

Total Solids Total Solids
Biochemical Oxygen Demand Biochemical Oxygen Demand
Conductivity Conductivity
Water Quality Conventional | Dissolved Oxygen Dissolved oxygen
Parameters | pH pH
Turbidity Turbidity
Water Temperature Water Temperature
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Table A-2. Relationship of specific metrics to metric subcategories

Nutrients

Ammonia

Ammonia

Nitrate+Nitrite-Nitrogen

Nitrate+Nitrite-Nitrogen

Nitrate-Nitrogen

Nitrate-Nitrogen

Total Nitrogen

Total Nitrogen (Kjeldahl or Persulfate
methods)

Total Phosphorus

Total Phosphorous

Other

Other 303(d) Parameters?

Any other parameters under 303(d)?

Soluble Reactive Phosphorous

Ortho-Phosphorous (Soluble Reactive
Phosphorous)

Status and
Trends of
Habitat

Classification of Ecological or
Geological Attribute

Form/Morphology

Channel form

Land Use

Land use and land cover

Road density

Disturbance/Restoration

Abundance of Man-made Structures

Stream crossing frequency

Disturbance Presence

Mass wasting

Hydrology/Water Quantity

Flow

Normal hydrograph, low flow, peak
flow

Landscape Form & Geomorphology

Abundance of Species Migration Barriers

Anthropogenic barriers

Natural barriers

Aquatic or Floodplain Geomorphology:
Wetland Availability

Wetland availability

Density of Habitat Type

Habitat types

Density of Instream Wood

Large woody debris volume

Distribution of Instream Wood

Large woody debris distribution

Floodplain Connectivity

Channel migration zone
encroachment, floodplain connectivity

Gradient

Channel gradient

Length/Width/Area

Channel cross-section form

Light

Light Concentration

Shade

Macroinvertebrates

Abundance of Macroinvertebrates

Macroinvertebrates
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Table A-2. Relationship of specific metrics to metric subcategories

Multi-Species Abundance of Invasive Species Invasive species
Bank Stability Stream bank stability
Sedimentation
Sediment/Substrate/Soils Composition: Substrate/Soil - Size ——
Substrate characterization
Erosion Erosion
Upland Geomorphology Impervious Surfaces Impervious surfaces
Abundance of Vegetative Species Vegetative cover
Vegetation/Plants ition: V i i
g / Composition: Vegetative Species Periphyton
Assemblage

e . Land use/land cover - trends and
Classification of Ecological or /

L I h h h ti -1
Geological Attribute and Use absolute change through time (5-10
years)
Status and » »
Cont ts/T Pollutants: . .

Trends of ontaminan sétr?;(erS/ oniutants Number of 303(d)’ listings Number of 303(d)’ listings

Human Point observations of

Impacts Disturbance/Restoration Disturbance Presence

intensity/proximity of human impact
Number of 303(d)’ listings
Trend in receiving water quality®

Water Quality

‘A metric subcategory represents a group of metrics that can be calculated from the same measurement (e.g., water temperature average, maximum, or
minimum).

2303(d) is a section of the Clean Water Act that required identification of waters where required pollution controls are insufficient to achieve or maintain water
quality standards. Water bodies on the 303(d) list are considered to be impaired or threatened.

3See Status and Trends of Water Quality and Quantity section of table for specific parameters.
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Appendix C - Analysis of Alternate Sampling Designs and Considerations
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Analysis of Alternate Sampling Designs and Considerations
Prepared by Don Stevens, Stevens Environmental Statistics

There are two aspects to alternate scenario development: first is coordination of what information is
collected by each organization, and second: coordination of sampling designs so that information
collected in the same area by different organizations can be used all organizations monitoring that area.

The first aspect can be addressed by consideration of metrics that are collected and protocols used to
collect the metrics. For example, many metrics, especially those that take extensive field effort, have a
“rapid assessment” version that takes less field time to collect. For example, the rapid assessment
version of a habitat metric may be based on visual observation of extent and vegetation type versus a
full protocol that measures are and identifies all plant species present. Another example is the use of an
“index” sample instead of a synoptic. The index sample is collected at a time and/or location that
characterizes the condition of the sample site of a greater spatial and/or temporal extent. For example,
a water sample collected at the deepest point in a lake after fall overturn might be used as an index to
characterize the water quality in the lake. The fall overturn tends to mix the waters of the lake, thereby
inducing a natural averaging or integration of the lake’s waters. Another example is a sample taken at
the mouth of a watershed, say during a low-flow period in the summer. Such an index sample would
rely on the integration induced by stream flow to average over the extent of the watershed.

The use of index samples to characterize condition of a population should be backed up by a synoptic
survey to calibrate the index. In the examples above, this would mean that for some lakes, samples are
collected at multiple locations within the lake at multiple times throughout a year. Similarly, for the
stream sample, for some watersheds, samples are collected at various points within the watershed at
multiple times.

The design studies that utilize index samples can be complicated, especially if a goal of a study is
population-level inference. A statistical design technique known as two-phase (more generally, multi-
phase) sample can often be useful. The basic idea of two-phase sampling is that the sample is selected
in two steps. The first step is a widespread random sample where the rapid assessment protocol is
applied. The second step is a random subsample of the sample from the first step, where the more
intensive protocol is applied. The sample selected at the second step may use the results of the first
step, for example, the sample may be stratified on range of first step results. If the rapid assessment
protocol is a good predictor of the intensive protocol results, two-phase sampling can result in a
substantial reduction in level of effort (or a substantial increase in precision for a fixed level of effort).

However, even if the same metrics are collected under the same protocol, differences in sampling
design may prevent use of the information by organizations other than the collecting organization. For
example, a monitoring program may be constrained to monitor at designated sites. It may be difficult or
impossible to utilize that kind of data to make inferences about a larger region containing the sites. The
objectives of the monitoring program and the method used to select sites are critical.
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Methods for picking sampling sites for environmental resources have often been fairly ad hoc.
Commonly used techniques for selecting a sample include convenience, representative, model-based,
and probabilistic. A convenience sample is just that: there is no particular reason for selecting a site
other than because it was easy to do so. Convenience sampling has often been used, and appeals to
expert knowledge to choose sample locations with easy access or that may be useful for other purposes.
A key complication of convenience sampling is that the relationship between the sample data and
population characteristics of interests is not known, and the basis for extrapolation and inference is
therefore necessarily unclear. Such data are often inappropriately analyzed using common statistical
tools.

Representative sampling is also popular in sampling environmental resource populations and relies on
the selection of sites that are indicative of the region/ resource of interest. A representative sample is
most often based on professional judgment founded on an informal synthesis of the investigator’s
experience. This appeals to expert knowledge but is often challenged on the grounds that the site
selection is inherently subjective, that sites which are representative for one variable may not be
representative for any other variable, and because if sites are truly representative of average response
then the extremes will be suppressed. Moreover, human perception of representativeness can be
strongly influenced by a single attribute.

Model-based sample selection uses prior knowledge and theoretical population characteristics to
choose sample sites. The model defines the relationship of the sample to the target population and
provides a prescription for extrapolation from the sample to the population. A significant advantage of
model-based procedures is that they maximize the leverage of data: strong inferences can be made with
relatively little information. Although there is a minimal need for data, model-based procedures are not
necessarily easy or quick to apply. Construction and calibration of an appropriate model can be very
time consuming and expensive. The inference is based on the assumed completeness of knowledge and
applicability of the model, and there is often no direct way to verify model assumptions. Without
demonstrated reliability based on extensive field data, model results may not be viewed with
confidence, and the usefulness of the model in environmental management, especially in controversial
situations, may be limited.

The final way to select a sample is by using probability-based methods. Probabilistic sampling has a
number of advantages as compared to other sample designs. Survey methodology furnishes a rich array
of ready-made inference tools to estimate population characteristics, with known, quantified certainty.
Prior knowledge and theoretical understanding can be incorporated, both to focus the design and to
sharpen the analysis. Without a census, a statistical survey with the incorporation of probability
sampling is the only way to assure the selection of a representative sample from which can be drawn
unbiased conclusions about the population as a whole.

It was noted above that data from convenience or representative samples are often analyzed using
common statistical methods. A necessary condition for such analyses to yield valid conclusions is that
the sample be a random sample.
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Currently, a mixture of convenience samples and probability samples are being used for monitoring in
the Lower Columbia. Consider the following three options, which are discussed in greater detail below:

(1) Continue under the present situation, with both probability and convenience sampling

(2) Modify the convenience designs to move towards a probability sample, while utilizing model-
based methods to merge convenience and probability sample data

(3) Replace all convenience sampling with a coherent probability sample.

Option 1 is easy to implement but may not be cost-effective. An integrated design framework around
which stream monitoring by multiple agencies can be coordinated can reduce duplication of field
sampling effort by having one agency use data collected at common sites by another agency. Sample
size to make estimates of status or trend can be increased by combining multiple studies. Alternatively,
the level of effort of individual agencies could be reduced without reducing precision. Also, convenience,
targeted, or representative samples cannot rigorously be expanded beyond the sample points
themselves. If a goal of the monitoring is extrapolation to a population containing the sample points,
such samples may not achieve desired goals. Without an explicit connection between sample and target
population, extrapolation beyond the sample itself could result in substantial error. Bias and precision
cannot be evaluated.

Option 2 encompasses several techniques. One entails developing a model to create a pseudo-
probability design for convenience data. Probability-based inference relies on the design to define the
extent of the population represented by each sample point (the weight of the sample point). For
example, each sample point from a stream network represents a specified length of stream; each
sample point in an estuary represents a specified amount of surface area. The sampling weights are
essential in estimation, as most common estimators of population characteristics are weighted
combinations of sample values.

Another option would be to identify probability sites where opportunistic samples are currently being
used, and over time, gradually shift to the probability sites, say at a rate of several sites per year. The
gradual transition would allow calibration between old sites and the new. The probability sites could be
chosen from existing Master Samples to encourage integration with other programs.

Lacking a probability design, weights can be constructed using a model. Several such modeling
techniques have been described in the statistical literature. The techniques all involve defining a subset
of the population that can reasonably be considered to be represented by an existing sample point. A
straightforward model assumes that each point represents the extent of the resource closer to that
point than to any other sample point. If the resource is represented by a GIS coverage, this extent can
be easily defined by using the Dirichlet tessellation of the sample point pattern superimposed on a map
of the resource (a Dirichlet tessellation of a region associated with a point pattern simple partitions the
region into disjoint polygons such that the polygon around a point is the area closer to that point than
any other). The extent associated with a point can then be defined by calculating the extent of the
resource within its polygon, e.g., the length of stream with the polygon.
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The Clark County Long-term Index Station Monitoring design is an example of a convenience or
representative sampling design. The target population of wadeable streams was defined as fifty-two
subwatersheds in unincorporated Clark County. The sampling points were selected considering
subwatershed geology, stream gradient, and drainage area land use in an effort to include a cross-
section of typical stream types within Clark County. The stations were located based primarily on long-
term accessibility. This led to the selection of stream reaches primarily on public lands where easements
or other costly access arrangements were not required. Stations were located near the downstream
terminus when possible.

Even though the design is intended to “represent” the target population, there is no obvious way to
extrapolate from the sample points to the population. Because it is not a probability, use of common
descriptive statistics is not appropriate. The stations were chosen near the downstream terminus where
possible, so it is likely that that the water at the stations integrate impacts over the upstream portion of
the watershed. However, the extent of that natural integration cannot be quantified. Moreover, if there
is concern with exceedence of water quality standards, the natural integration also dilutes
concentrations. Thus, the true range of any water quality parameter is likely to be larger than the range
at the monitored stations.

Figure 1 shows the Clark County stream network with the long-term sampling stations, and the
associated Dirichlet tessellation. The stream extent with each Dirichlet polygon is given in Table 1. Note
that the variation in the extent of stream associated with each sampling site has substantial variation,
ranging from 1.5% up to 28.6%. In general, an equally-weighted design will tend to be more precise
than a design with substantial variation in weights.

Figure 1. Dirichlet Tessellation of Clark County Streams
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Table 1: Stream length in Dirichlet polygons for Clark County Long Term Monitoring

Station 1 2 3 4 5 6 7 8 9 10
Length | 212740 | 118420 | 74140 | 253315 | 484821 | 651434 | 348176 | 33288 | 49519 | 49703
(m)

Length | 9.3 5.2 3.3 11.1 21.3 28.6 15.3 1.5 2.2 2.2

(%)

An alternative method of model-based weighting would be to calculate the stream length above each

sample point, for instance by locating the sample point at the outflow of a subwatershed. If the

population were partitioned into subwatersheds and a random sample of watersheds were selected,

then weights could be calculated as a function of the random selection and stream extent in the

subwatershed. Except for the random selection, this may be close to the process that is actually used to

select the sites.

These two examples of developing model-based sampling weights provide a contrast of model

perspective. The first based on Dirichlet tessellation would be more appropriate for habitat-like metrics

where there is not an obvious connection to water flow. The second draws more heavily on the natural

physical integration of the stream network, and would be more appropriate for water quality metrics.

Even though it might be possible to construct model-based weights, the approach should not be

considered a panacea. There would a considerable risk of substantial bias if the design were used, for

example, to assess habitat. The fact that sites were intentionally placed at or near downstream

terminus implies that no samples are available in headwater streams.

The third option for integrating monitoring is to replace all samples with a coherent probability sample.
Larsen, et al., (2008) described the advantages of using a GRTS-based Master Sample where multiple
agencies are involved in monitoring the same resource on overlapping spatial domains. These

advantages include:

1.

2.

Programs will have some sites in common if their target populations overlap. Even if a

monitoring ‘program requires field measurements in addition to those collected by a program

that has already visited the common sites, existing data can be used—a substantial cost savings.

The set of sites obtained by merging across programs can be viewed as coming from a single

design with multiple objectives. The design is an unequal probability design where the unequal

probability categories reflect the multiple objectives of the agencies. This feature makes

facilitates combining data across different programs.

Multiple designs selected from the same GRTS-based Master Sample will retain spatial balance even

when combined on over-lapping domains. Independent sample selection by different will not maintain

spatial balance. Spatially balanced designs tend to give higher precision with the same number of
samples than other probability designs
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A Master Sample is intended to provide the basis for extrapolating from sample sites to a larger
population. If a monitoring program is focused on a limited number of sites with a specified
characteristic, there is no advantage to a Master Sample. For example, if monitoring is required on sites
undergoing remediation, a Master Sample is not helpful

A sample selected from a Master Sample will almost certainly include non-target sites and sites for
which access is difficult or impossible. With good attribute information, the non-target sites can be
eliminated prior to field visits, but that is not always possible. Difficult access can result either from
safety considerations, travel time to the sites, or lack of legal access permission. However, those sites
with difficult access are still part of the target population, and ignoring their presence can result in
substantial bias.

Use of Legacy Sites in a Master Sample

A common circumstance in implementing a Master Sample is that existing monitoring programs have a
collection of sites that are already being monitored. These sites may have been selected with a
probability design, or may be the result of a convenience or target sample. In either case, it may be
important to preserve historical continuity by ensuring that these legacy sites become part of a larger
Master Sample. This can be accomplished with a GRTS-based Master Sample at the time the Master
Sample is created.

A GRTS design is based on a random mapping of a two-dimensional domain onto a straight line. For a
stream network, this is conceptually similar to breaking the network into small segments and stringing
the segments together in a random order to form the line. The random order that GRTS uses is
restricted so that some spatial proximity is retained: segments that are close together in the natural
domain will tend to be close together in the random order. Sample points are selected via a systematic
sample along the random order, and then mapped back to the stream network. This process is the basis
for GRTS spatial balance.

Existing legacy points can be incorporated into this process by locating those points on the randomly
ordered line, and ensuring that those points are picked by the systematic sample. At the same time,
adjacent lengths are excluded from the sample to maintain spatial balance. This is accomplished by
assigning the legacy points a selection probability equal to one, and a selection probability of zero to
adjacent lengths.
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Monitoring Design for Status and Trends: Background Information for
Design Alternatives

In Workshop 2, we will discuss the advantages and disadvantages of three alternate scenarios for a
unified habitat and water quality status and trends monitoring design for the Lower Columbia region.
Scenario 1 is a “No Change” scenario, which includes the current level of effort being made by ISTM
partners and the stormwater permittees. Scenario 2 is a “Moderate Additional Effort” alternative, and
Scenario 3 is a “Full Monitoring Effort” scenario in which a high level of effort would be invested. This
document describes background information common to all three of these monitoring design
alternatives.

Management Questions

Management questions identified earlier in this project included three categories of status and trends
monitoring: 1) water quality and quantity, 2) habitat, and 3) human impacts at the watershed/landscape
process level. Workshop 1 focused primarily on refining the management questions and metrics
necessary to assess the status and trends of water quality and habitat. Additionally, it was determined
during Workshop 1 that the use of remote-sensing technologies, instead of field-based assessments
such as those being used for water quality and quantity and habitat, would be best suited for addressing
the management questions regarding status and trends of human impacts." Workshop 2 will focus
primarily on field-based assessment methodologies associated with monitoring status and trends of
water quality and quantity and habitat. The management questions that were identified are as follows:

Water Quality and Quantity:
e What is the status and trend of water quality and flow in receiving waters/surface
waters/stormwater?
¢ Where do water quality conditions not support beneficial/water dependent uses?
e How effective are clean water programs at meeting water quality criteria or standards?
e Are receiving waters in compliance with water quality standards?

Habitat:
¢ What are the status and trends of in-stream biological and both in-stream and riparian habitat
conditions (in terms of both quality and quantity)?
e Are there significant effects of habitat degradation on the observed abundance, productivity,
spatial structure, and diversity of the natural-origin fish in this population (reach/subwatershed
scale)?

Human Activity:
e What are the overall impacts of human activities on freshwater habitat and landscape
processes?

! Information regarding assessment of human impacts through monitoring will continue to be included in this
process to gain public input as needed.
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These management questions are the basis for this project; therefore, decisions regarding metrics,
sampling approaches, and spatial and temporal designs to be implemented should be focused on how
they will best address these key management questions. To accomplish this, it will require efforts from
a variety of entities and coordination with other monitoring programs. For instance, WDFW has recently
implemented a Generalized Random-Tessellation Stratified (GRTS)-based sampling design for monitoring
adult salmon abundance and distribution. Sampling designs to collect habitat information developed via
this project should be linked to the adult salmon monitoring program to collect the information in the
most cost-effective manner possible. Finally, outcomes of this project will also need to be integrated
with ongoing work being conducted by ISTM partners.

Metrics

Earlier in this project, a list of metrics that were considered necessary to answer the management
guestions was developed. Among others, this list included metrics identified by the LCFRB’s Research,
Monitoring and Evaluation (RME) Program as indicative of water quality and habitat status and trends
important to salmon recovery and watershed management. The list also includes metrics currently
monitored by ISTM partners and metrics that NPDES Phase | stormwater permits currently require to be
monitored.

During Workshop 1, the metrics required to address the two key management questions groups (Status
and Trends of Water Quality and Status and Trend of Habitat) were identified and reviewed by
workshop participants. Subsequent analysis showed limited overlap of required metrics between the
two key management questions. Flow, temperature, macro-invertebrates, and suspended sediments
were identified as relevant metrics for both questions. Additionally, many habitat monitoring programs
record information on conventional water quality parameters, including specifically turbidity, pH,
alkalinity, and conductivity. In contrast, the set of metrics required to address the Status and Trends of
Water Quality questions includes an extensive set of metrics on contaminants, pollutants, and nutrients.

Sampling Design

Developing an integrated monitoring program that spans multiple organization and ecological resources
(e.g. water and fish habitat) has potential benefits of:

e increased public participation and support;
e cost savings resulting from reduced crew logistics; and
e additional insight to the relationships between ecological resources.

Monitoring multiple ecological resources, such as water quality and habitat, at common locations (i.e.,
co-locating) can provide additional insights to the relationships between ecological resources. This
potential benefit has appeal to monitoring practitioners as it provides a broader perspective. However,
developing and implementing a large-scale, integrated sampling design is complicated as a result of
competing objectives and organizational constraints. Prior to developing an integrated design, the
potential benefits and constraints should be discussed and enumerated to determine the most
appropriate approach. An effective monitoring design would consider spatial and temporal design
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elements prior to finalizing an approach. The following sections describe each of these considerations in
greater detail.

Spatial Design Approach

The spatial design of a monitoring program describes how sampling sites will be chosen across a study
area. Several questions may be considered when considering a spatial design approach. For example,
are there particular types of sites that you must exclude from your sample (e.g., sites that aren’t on
publically-owned land, or aren’t on a stream that’s of adequate size)? Another consideration may be
whether it is more important to monitor a large number of sites, but infrequently revisit any one site, or
monitor fewer sites, but revisit each site frequently. The key is to determine which data or metrics are
necessary to address the management questions and which sampling strategy will be most effective in
collecting that information. Answers to questions such as these will help guide the process of
determining which special design approach is most appropriate. PNAMP’s Monitoring Advisor site
(http://www.monitoringadvisor.org) discusses four main types of spatial design, including:

e Census - sampling at all sites within the area of interest

e Model-based — selection of sites based on prior knowledge of population characteristics and the
relationship of sites to the target population as a whole; site locations are often chosen based
on a need to estimate parameters of a model, and so should represent the whole range of
variation in the parameter (e.g., water temperature)

e Probability or Survey — randomized selection of sampling sites across the area of interest (e.g.,
using Generalized Random-Tessellation Stratified [GRTS] survey) provides a spatially
balanced, random sample

e Convenience or Opportunistic — selection of sampling sites based on ease of access, expert
opinion, or other subjective criteria

A critical step in developing an effective monitoring program is identifying the spatial scale for
monitoring and reporting, as well as the conceptual representation of the monitored population. For
example, a stream network can be viewed as a collection of stream segments, an (infinite) collection of
points on streams, or it can be viewed as waterbodies within a collection of watersheds. The different
perspectives imply different population units, and consequently, different sampling designs, as follows:

From the watershed perspective, the population of interest is the collection of watersheds within a
defined spatial domain. A sampling design would be constructed by identifying all watersheds of
interest within the domain, and then applying one of the design types noted above to select
watersheds to sample.

From the stream reach perspective, the population of interest is either the collection of stream
reaches, perhaps defined by physical characteristics (e.g., confluences) or fixed lengths. The
population units are the reaches. A sample is selected by defining all reaches in the network, and
again, applying one of the design types noted above. Information from a sample of reaches can be
aggregated to obtain watershed-level information for some metrics.
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If the network is viewed as the continuum of all points on the network, a sample is selected by
dropping points on the network, and sampling a plot around the point samples. Again, the
information from the individual samples can be aggregated to obtain a watershed-level attribute,
for some metrics.

The metric itself may drive the spatial perspective. If a metric has high temporal variability and must be
measured frequently, then the watershed perspective and an opportunistic monitoring strategy may
lead to the most efficient design. The sampling could rely on the natural physical integration of the
water flow, and only sample at the outflow of a watershed. It may be feasible to do frequent sampling
at one point in the watershed where it would not be feasible to take frequent repeat samples of reaches
or points within the watershed.

In contrast, other metrics may require sampling a larger number of sites on a less frequent basis to
better describe overall watershed conditions and identify differences in conditions within the
watershed. In this situation a probabilistic design may produce the most efficient design. In a
probabilistic design based on stream length, each site is assigned a weight equal to the length of stream
represented by that site.

Even though designs with different perspectives may be sampling the same watershed and collecting
similar metrics, the different designs may make sharing information difficult. For instance, using an
opportunistic sampling design for watershed outflow may be difficult to incorporate into a probabilistic
sampling design. The focus of Workshop 2 will be discussing the advantages and disadvantages of site
selection using probabilistic and opportunistic spatial designs. Consideration of the perspectives
described above will help guide the process of determining which spatial design approach is most
appropriate.

Spatial Design Domain

The spatial domain is the geographic area over which the sample sites are distributed. Different
programs may divide the Lower Columbia region into different spatial domains, depending on respective
areas of interest. The spatial domain can be divided up into smaller areas, or spatial strata, to help focus
on a particular management question of interest. Some examples of spatial strata currently being used
by monitoring programs within the Lower Columbia region stream network include:

e Salmon-bearing/non-Salmon-bearing streams

e Coast/Cascade/Gorge;

e Inside/outside the jurisdiction of a NPDES stormwater permit;
¢ Inside/outside the jurisdiction of each stormwater permittee

In Workshop 2, we will discuss ways to combine the different spatial domains and spatial strata
currently in use so that monitoring data can be combined to reflect status and trends of the entire
Lower Columbia region.
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Temporal Design

Temporal design relates to the frequency of sampling and approaches for balancing monitoring to assess
status versus monitoring to assess trend. Monitoring Advisor (http://www.monitoringadvisor.org)
describes two components of temporal design that must be considered, including the study period and
the temporal unit. Study period is the entire length of time that the study will be conducted (e.g., study
of long-term trend over 20 years). Temporal unit is the unit of time for which a metric is reported (e.g.,
yearly, seasonally, or hourly). Some basic questions that should be addressed when establishing a
temporal design will be discussed during Workshop 2, including: 1) what is the best allocation of
sampling efforts across years? and 2) does every site need to be sampled every year? In some cases,
monitoring programs can be designed to include a hybrid temporal design that incorporates sampling at
different intervals, depending on the metric or sample site (e.g., water pH measured monthly but
sediment chemistry measured annually).
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Proposed Scenario 1: No Change/Current Level of Effort

Scenario 1 is a “No Change” scenario, which includes the current level of effort being made by ISTM
partners and the stormwater permittees. Table 1 below shows the level of effort by stormwater
permittees and ISTM partners at water quality sampling sites and habitat sampling sites under this
scenario. See Scenario 2 for a description of site types. Note, however, that in the upcoming permitting
cycle, the Washington Department of Ecology (Ecology) will be expecting all Phase | and Phase Il
stormwater permittees to implement status and trends monitoring requirements, beyond what is
currently required.

Table 1. Level of effort under Scenario 1

Monitoring Entity
Stormwater Permittees ISTM Partners

Site Type

Limited to Full WQ Protocol

(dependent on program) No Sampling

Water Quality (WQ)

Full Habitat Protocol (including
the Basic suite of WQ metrics
currently collected by some
programs)

Habitat No Sampling

Figure 1 illustrates current status and trends sample site distribution within the Lower Columbia region.
Stormwater jurisdictions are indicated on the figure, as well as the monitoring programs represented.
Figure 1 includes current stormwater monitoring, as well as monitoring programs being implemented by
Ecology and the ISTM partners. This figure includes sites monitored for long-term trends, as well as
those at which shorter-term status monitoring is implemented.

Management Questions

Under Scenario 1, the management questions that are currently being addressed by ongoing programs
would still be addressed; however, no additional questions would be answered and current data gaps
would persist, as discussed in the Metrics section below. Under this scenario, data sharing capabilities
are limited, which would also reduce the potential for addressing existing data gaps. This is described in
greater detail in the Sampling Design discussion below.

Metrics

Under this scenario, programs would continue to collect information on the metrics they current
monitor. Tables 2 through 4 show those metrics identified as needed to answer management questions
associated with status and trends of habitat, water quality, and human impacts, as well as the programs
currently collecting those metrics. No additional metrics would be added to existing programs under
Scenario 1; therefore, some management questions would not be fully answered (i.e., there would be
data gaps). Additionally, because a different set of metrics is collected at each sample site depending on
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the program monitoring that site, available information about habitat or water quality would continue
to be inconsistent across the region.

Sampling Design
Spatial Design Approach

Sites currently being monitored in the Lower Columbia region have been chosen using a mixture of
opportunistic sampling designs and probability sampling designs, which would continue under Scenario
1. In an opportunistic design, sites are selected based on ease of access, expert opinion, or other
subjective criteria that would achieve specific program goals. In a probability design, sites are randomly
selected across the entire area of interest (see http://www.monitoringadvisor.org for more information
on spatial designs). For instance, many of the habitat status and trends programs implement a survey
design whereby their sites are randomly generated using GRTS. A GRTS, or Generalized Random-
Tessellation Stratified, survey provides a spatially balanced, random sample. Alternatively, some water
quality sites are chosen by opportunistic design to allow for sampling at a particular outfall location or a
particular point within a receiving water body.

Sampling sites chosen using a probability design are advantageous because there is a known degree of
certainty in how well they represent the study area; therefore, unbiased conclusions about the
population as a whole can be drawn. Sampling sites chosen opportunistically are often useful for
evaluating very specific management questions at specific sites, but can be problematic when
attempting to use data to represent larger geographic areas or assess other management questions.
Without an explicit understanding of how well the hand-picked sample sites represent the larger target
population extrapolation beyond the sample itself could result in substantial error, and many common
statistical tools can’t be appropriately used to analyze the data. Additionally, bias and precision in how
well the monitoring results represent status and trends in the region as a whole cannot be evaluated
under this design. For these reasons, opportunistically-chosen samples may not achieve desired goals,
such as producing information that can be used to help assess regional status and trends of water
quality and habitat with a high degree of certainty.

Although the current mixed sampling design would be easy to continue, it may not be cost-effective
over the long term. An integrated design framework around which stream monitoring by multiple
agencies can be coordinated may be more cost-effective because entities may be able to utilize each
other’s data collected at shared sites instead of duplicating of field sampling efforts. Combining multiple
monitoring efforts can increase the sample size on which evaluations of status or trend are based,
thereby allowing for more detailed analyses and increasing confidence in the results. Further, the level
of effort of individual entities could be reduced without reducing precision.

Spatial Design Domain

Currently, different programs have divided the Lower Columbia region into different spatial domains
based on their respective management interests. For the stormwater permittees, their sampling is
generally limited to within their permit jurisdiction, or municipal jurisdiction, while entities focused on
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habitat monitoring may have sites distributed over more large-scale areas. Under Scenario 1, the spatial
design domains currently being used by existing monitoring programs wouldn’t change.

Temporal Design

Currently, temporal designs vary across both habitat status and trends and stormwater monitoring
entities. Under Scenario 1, no change would be made to the temporal designs currently being
implemented.

Questions for Workshop Discussion

Please consider the following questions as potential topics of discussion during Workshop 2. These will
be used to guide the alternate monitoring scenarios group discussion and pros/cons development.

e What are the advantages of continuing this scenario?

e What are the disadvantages of implementing this scenario?

e What elements of this scenario (such as the metrics monitored, change in current level of effort,
utility of the information to evaluating regional trends water quality and habitat, usefulness for
assessing salmon recovery) are the most valuable?

e What elements of this scenario are the least valuable?

61



N Olympia
Abérdien
o Centralia .
5
® \o
¢} o o :
e e o0 ® E
e © ~ & -
o 4§ e o=
® ' ® o
@ o0 (] ®
g 09 © Cowlitz County ~ o @
Astona . W o ©
© o Dongite” @ e °® o
V4 b D) : ‘. ] Kelso . ° ®
ﬂ ". e ® q @
b & ° "
¢ . ® Battle ® @ ®
’ ~ * W&mnd . (@) ® ®
o |e oo Clark ity ®
Legend i & o0 &® o °
) Vanciuver S - amas '
Stormwater Permittees: City > R O
.7 [6) TheD
lf:p Stormwater Permittees: County \
: . ® @
Organization Hillsboro PItland @ A o ° 03
@ City of Vancouver ‘ ... .' . @) .:
@ Clark County @@ . @ [ ) .‘
@ ODEQ @ ‘.~ ‘ s
@ ODFW NE’Wberg 1 C ‘ @ .V v
© SRFB
@ USFs ,
@ Ecology
é Lower Columbia Project Boundary ‘.
@
—varcoaver Salem 6. €]
Seattle
’
fllis
Copyright: ©2012 Esri, 0 510 20 30 40 N
DeLorme, NAVTEQ - —ies A ; .
Copyright: ©2012 Esri, DeLorme, NAVTEQ

Figure 1. Status and trends monitoring sites in the Lower Columbia region
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Table 2. Gap analysis of metrics currently collected to address the Status and Trends of Water Quality and Quantity. Gaps are shown in red.

Oregon .
Wash
Depart- Oregon as mg.ton United
City of ment of Department Recreation States
Metrics Clark County Vancouver Environ- of Fish and am‘il :tti)cr’\:er- Forest Washington Department of Ecology
mental Wildlife . Services
. Office
Quality
Burnt Aquatic
4 Bridge c;l;md Ambient Ambient Water-
Programs Lone-term Salmon Stormwater Creek National Reach-Scale Rioarian Stream Stream River and shed
. Metric Sub & Hydrology B . Creek Needs Ambient Rivers and Aquatic Effective- P . Biologic Biologic Stream Health
Metric Category 1 Currently o Index Site o Effective- . o
Category . monitoring .. Monitoring | Assessment Water Streams Inventory ness Monitoring | Monitoring Water and
Collecting Monitoring . o ness .
. Program Program Quality Assessment Monitoring . (1959- (2010- Quality Salmon
Metric .. Monitoring
Monitoring 2009) current) Recovery
Program
Program
Not Not Not Not Not Not Not Not Not Not
Bacteria E. coli 3 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not
Fecal Coliform 8 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Base/ Not Not Not Not Not Not Not Not Not Not Not Not Not
Neutral/ 2-Fluorobiphenyl Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Acids Poly-aromatic Not Not Not Not Not Not Not Not Not Not Not
hydrocarbons 2 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not
Conventional | Chloride Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Parameters Not Not Not Not Not Not Not Not Not Not Not Not Not
Oil and Grease Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not Not Not Not Not
FVOCs Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Contaminants/ Hormone Not Not Not Not Not Not Not Not Not Not Not
Toxics/ Disruptors Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Pollutants Methylene blue
activating
substances Not Not Not Not Not Not Not Not Not Not Not Not Not
i (unspecified) Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
In Sediments
Not Not Not Not Not Not Not Not Not Not Not
PBDEs 2 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Poly-aromatic Not Not Not Not Not Not Not Not Not Not Not Not Not
hydrocarbons Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Polychlorinated Not Not Not Not Not Not Not Not Not Not Not
Biphenyls (PCBs) 2 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Volatile Organic Not Not Not Not Not Not Not Not Not Not Not Not
Compounds 1 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not Not
Metals Arsenic 3 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Cadmium 3 Not Not Not Not Not Not Not Not Not Not Collected Collected | Collected
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Table 2. Gap analysis of metrics currently collected to address the Status and Trends of Water Quality and Quantity. Gaps are shown in red.

Oregon .
Depart- Oregon Washmg.ton United
. City of ment of Department Recreation States .
Metrics Clark County Vancouver Environ- of Fish and and Ct?nser- Forest Washington Department of Ecology
mental Wildlife vatl_on Services
. Office
Quality
Burnt Aquatic
4 Bridge and Ambient Ambient Water-
Programs Long-term Salmon Stormwater Creek National Reach-Scale Riparian Stream Stream River and shed
. Metric Sub Hydrology . Creek Needs Ambient Rivers and Aquatic Effective- . Biologic Biologic Stream Health
Metric Category 1 Currently o Index Site o Effective- . o
Category . monitoring .. Monitoring | Assessment Water Streams Inventory ness Monitoring | Monitoring Water and
Collecting Monitoring . o ness .
Metric Program Program Qu.allty./ Assessment Monitoring Monitoring (1959- (2010- Quality Salmon
Monitoring 2009) current) Recovery
Program
Program
Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected
Not Not Not Not Not Not Not Not
Copper 5 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not Not
Lead 3 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not Not
Mercury 3 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not
Zinc 5 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not Not Not Not Not
Herbicides Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not Not Not Not Not
B Insecticides Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Pesticides Not Not Not Not Not Not Not Not Not Not Not
Organo-chlorines 2 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Organo- Not Not Not Not Not Not Not Not Not Not Not Not Not
phosphates Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not
Hydrology/Water Quantity Flow 9 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Macroinvertebrate Not Not Not Not Not Not
Macroinvertebrates Index 7 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not Not Not Not Not
Percent Solids Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Sediment/ Not Not Not Not Not Not Not Not
Substrate/Soils Suspended Solids 5 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not
Total Solids 5 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Biochemical Not Not Not Not Not Not Not Not Not Not Not Not Not
Water Quality Conventional | Oxygen Demand Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Parameters Not Not Not Not Not
Conductivity 9 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
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Table 2. Gap analysis of metrics currently collected to address the Status and Trends of Water Quality and Quantity. Gaps are shown in red.

Oregon .
Wash
Depart- Oregon as mg.ton United
City of ment of Department Recreation States
Metrics Clark County Vancouver Environ- of Fish and am‘il :tti);\:er- Forest Washington Department of Ecology
mental Wildlife . Services
. Office
Quality
Burnt Aquatic
4 Bridge c;l;md Ambient Ambient Water-
Programs Lone-term Salmon Stormwater Creek National Reach-Scale Rioarian Stream Stream River and shed
. Metric Sub & Hydrology B . Creek Needs Ambient Rivers and Aquatic Effective- P . Biologic Biologic Stream Health
Metric Category 1 Currently o Index Site o Effective- . o
Category . monitoring .. Monitoring | Assessment Water Streams Inventory ness Monitoring | Monitoring Water and
Collecting Monitoring . o ness .
. Program Program Quality Assessment Monitoring . (1959- (2010- Quality Salmon
Metric .. Monitoring
Monitoring 2009) current) Recovery
Program
Program
Not Not Not Not Not
Dissolved Oxygen 9 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not Not Not
Hardness 3 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not
pH 9 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not
Turbidity 9 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Water Not Not Not
Temperature 11 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not
Ammonia 6 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Nitrate+Nitrite- Not Not Not Not Not Not Not
Nitrogen 6 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Nutrients Not Not Not Not Not Not Not Not Not Not Not Not
Nitrate-Nitrogen 1 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not Not Not Not
Total Nitrogen 5 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Not Not Not Not Not
Total Phosphorus 8 Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Other 303(d)? Not Not Not Not Not Not Not Not Not Not Not Not Not
Other Parameters Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected
Soluble Reactive Not Not Not Not Not Not Not Not Not Not Not Not Not
Phosphous Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected Collected | Collected

1 - - - -
A metric subcategory represents a group of metrics that can be calculated from the same measurement (e.g., water temperature average, maximum, or minimum).

2 303(d) is a section of the Clean Water Act that required identification of waters where required pollution controls are insufficient to achieve or maintain water quality standards. Water bodies on the 303(d) list are considered to be impaired or threatened.
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Table 3. Gap analysis of metrics currently collected to address the Status and Trends of Habitat. Gaps are shown in red.

Oregon Oregon Washington
. Department of | Department | Recreation and | United States .
Metrics Clark County . . . . Washington Department of Ecology
Environmental | of Fish and Conservation | Forest Services
Quality Wildlife Office
. . Ambient
Aquatic and Ambient )
# Stormwater . . L. Stream |River and| Watershed
Long-term |Salmon Creek National Rivers ) Reach-Scale Riparian Stream ) )
. . 1 Programs| Hydrology . L. Needs Aquatic . . . ) Biologic | Stream | Health and
Metric Category Metric Sub Category L. Index Site | Monitoring and Streams Effectiveness Effectiveness Biologic I
Currently| monitoring L Assessment Inventory L L. L. Monitoring | Water Salmon
Monitoring Program Assessment Monitoring Monitoring Monitoring .
Collect Program (2010- Quality | Recovery
. Program (1959-2009)
Metric current)
Not Not
Classification of Form/Morphology 6 Collected Collected Not Collected |Collected Not Collected Collected Not Collected Collected Not Collected|Collected  |Collected|Collected
Ecological or Geological
Attribute Not Not Not Not
Land Use 2 Collected Not Collected|Not Collected [Not Collected |Collected Collected Not Collected Not Collected |Not Collected|Collected |Collected [Collected
Abundance of Man-made Not Not Not Not
Disturbance/ Structures 1 Collected Not Collected|Not Collected [Not Collected |Not Collected Collected Not Collected Not Collected |Not Collected|Collected |Collected |Collected
Restoration Not Not Not Not
Disturbance Presence 1 Collected Not Collected|Not Collected [Not Collected |Not Collected Collected Not Collected Not Collected |Not Collected|Collected |Collected |Collected
Hydrology/
Water Quantity Flow 9 Collected Collected Collected Not Collected |Collected Collected Not Collected Not Collected |Not Collected|Collected |Collected |Collected
Abundance of Species Not Not Not Not
Migration Barriers 1 Collected Not Collected|Not Collected |Not Collected |Not Collected Collected Not Collected Not Collected  |Not Collected|Collected |Collected [Collected
Agquatic or Floodplain
Geomorphology: Wetland Not Not Not Not
Availablity Collected Not Collected|Not Collected |Not Collected |Not Collected Not Collected [Not Collected Not Collected |Not Collected|Collected |Collected [Collected
Landscape Form &
Not Not
Geomorphology . .
Density of Habitat Type 5 Collected Not Collected|Not Collected [Not Collected |Collected Collected Not Collected Collected Not Collected|Collected |Collected|Collected
Not Not
Density of Instream Wood 7 Collected Collected Not Collected |Not Collected |Collected Collected Collected Collected Not Collected|Collected  |Collected|Collected
Not Not
Distribution of Instream Wood 4 Collected Not Collected|Not Collected |Not Collected |Collected Collected Not Collected Not Collected |Not Collected|Collected |Collected|Collected
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Table 3. Gap analysis of metrics currently collected to address the Status and Trends of Habitat. Gaps are shown in red.

Oregon Oregon Washington
. Department of | Department | Recreation and | United States .
Metrics Clark County . . . . Washington Department of Ecology
Environmental | of Fish and Conservation | Forest Services
Quality Wildlife Office
. . Ambient
Aquatic and Ambient )
# Stormwater . . L. Stream |River and| Watershed
Long-term |Salmon Creek National Rivers ) Reach-Scale Riparian Stream ) )
. . 1 Programs| Hydrology . L. Needs Aquatic . . . ) Biologic | Stream | Health and
Metric Category Metric Sub Category L. Index Site | Monitoring and Streams Effectiveness Effectiveness Biologic I
Currently| monitoring L Assessment Inventory L L. L. Monitoring | Water Salmon
Monitoring Program Assessment Monitoring Monitoring Monitoring .
Collect Program (2010- Quality | Recovery
. Program (1959-2009)
Metric current)
Not Not Not Not
Floodplain Connectivity 1 Collected Collected Not Collected |Not Collected [Not Collected Not Collected |Not Collected Not Collected |Not Collected|Collected |Collected |Collected
Not Not
Gradient 8 Collected Collected Not Collected [Collected Collected Collected Collected Collected Not Collected|Collected |Collected|Collected
Not Not
Length/Width/Area 7 Collected Collected Not Collected |Not Collected |[Collected Collected Collected Collected Not Collected|Collected |Collected |Collected
Not Not
Light Light Concentration 7 Collected Collected Not Collected |Not Collected |Collected Collected Collected Collected Not Collected|Collected |Collected|Collected
Abundance of Not Not
Macroinvertebrates Macroinvertebrates 3 Collected Not Collected|Not Collected [Not Collected |Not Collected Not Collected |Not Collected Not Collected |Collected Collected |Collected |Collected
Not Not Not Not
Multi-Species Abundance of Invasive Species 1 Collected Not Collected|Not Collected |Not Collected |Not Collected Not Collected |Collected Not Collected  |Not Collected|Collected |Collected [Collected
Not Not
Bank Stability 5 Collected Collected Not Collected [Collected Collected Not Collected |Not Collected Not Collected |Not Collected|Collected |Collected |Collected
. . |Composition: Substrate/Soil - Not Not
Sediment/Substrate/Soils|
Size 6 Collected Collected Not Collected |Not Collected |Collected Not Collected |Collected Collected Not Collected|Collected |Collected|Collected
Not Not
Erosion 7 Collected Collected Not Collected |Collected Collected Collected Collected Not Collected |Not Collected|Collected |Collected|Collected
Not Not Not Not
Upland Geomorphology |Impervious Surfaces Collected Not Collected|Not Collected [Not Collected |Not Collected Not Collected |Not Collected Not Collected |Not Collected|Collected |Collected [Collected
Vegetation/Plants Not Collected|Not Collected [Not Collected |Not Collected Collected Collected Not Collected |Not Collected
Abundance of Vegetative Not Not Not
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Table 3. Gap analysis of metrics currently collected to address the Status and Trends of Habitat. Gaps are shown in red.

Oregon Oregon Washington
. Department of | Department | Recreation and | United States .
Metrics Clark County . . . . Washington Department of Ecology
Environmental | of Fish and Conservation | Forest Services
Quality Wildlife Office
. . Ambient
Aquatic and Ambient )
# Stormwater . . L. Stream |River and| Watershed
Long-term |Salmon Creek National Rivers ) Reach-Scale Riparian Stream ) )
. . 1 Programs| Hydrology . L. Needs Aquatic . . . ) Biologic | Stream | Health and
Metric Category Metric Sub Category L. Index Site | Monitoring and Streams Effectiveness Effectiveness Biologic I
Currently| monitoring L Assessment Inventory L L. L. Monitoring | Water Salmon
Monitoring Program Assessment Monitoring Monitoring Monitoring .
Collect Program (2010- Quality | Recovery
. Program (1959-2009)
Metric current)
Species Collected Collected |Collected|Collected
Composition: Vegetative Not Not
Species Assemblage 4 Collected Not Collected|Not Collected [Not Collected |Collected Not Collected |Collected Not Collected |Not Collected|Collected |Collected |Collected

1 . . . . .
A metric subcategory represents a group of metrics that can be calculated from the same measurement (e.g., water temperature average, maximum, or minimum).
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Table 4. Gap analysis of metrics currently collected to address the Status and Trends of Human
Impacts. Gaps are shown in red.
Oregon Oregon
Department of | Department
Metrics . .
Environmental of Fish and
Quality Wildlife
#
Programs | National Rivers .
Aquatic
Metric Category Metric Subcategory® Currently and Streams Inventory
Collecting Assessment
Data
Metric
Classification of Land Use 2 Collected Collected
Ecological or Geological
Attribute
Contaminants/ Number of 303(d) Not Collected Not Collected
Toxics/Pollutants listings”
Disturbance/Restoration | Disturbance Presence Not Collected Collected
Water Quality Conventional Not Collected Not Collected
Parameters’

A metric subcategory represents a group of metrics that can be calculated from the same measurement (e.g.,
water temperature average, maximum, or minimum)

2303(d) is a section of the Clean Water Act that required identification of waters where required pollution controls
are insufficient to achieve or maintain water quality standards. Water bodies on the 303(d) list are considered to
be impaired or threatened.

3See Table 2 for specific parameters
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Proposed Scenario 2: Moderate Additional Effort

Scenario 2 describes a monitoring protocol that would be an increase in effort from current monitoring
programs, but less than the Full Monitoring Effort (Scenario 3). In Scenario 2, all metrics identified as
important to answer water quality and habitat status and trends management questions would be
monitored in the Lower Columbia region, but not at all sites. Stormwater permittees would invest the
most effort into water quality monitoring and ISTM partners would invest the most effort into habitat
monitoring, as shown in Table 1, below.

Table 1. Level of effort under Scenario 2

Monitoring Entity
Stormwater Permittees ISTM Partners

Site Type

Full WQ Protocol / Basic Habitat Full WQ Protocol / Full Habitat

Water Quality (WQ) Protocol Protocol

Basic WQ Protocol / Full Habitat

Habitat No Sampling Protocol

Management Questions

Under Scenario 2, management questions related to status and trends of water quality in the Lower
Columbia Region would be fully addressed based on sampling a suite of sites designated as water quality
sites. Similarly, management questions related to status and trends of habitat in the Lower Columbia
Region would be fully addressed based on sampling at a suite of sites designated as habitat sites.
However, under this scenario, the full set of information about either water quality or habitat may be
lacking at some sites.

Metrics

In an attempt to allow entities to focus on their respective areas of expertise and minimize monitoring
effort, Scenario 2 uses a multiphase sampling design. In multiphase sampling, all monitoring sites in the
region would be designated as a water quality monitoring site, a habitat monitoring site, or both.
Entities would monitor water quality or habitat at different levels of intensity depending on the site;
these levels of intensity are reflected in which metrics are monitored at that site. For example, at a site
designated as a water quality site, stormwater permittees may monitor only a list of ‘basic’ habitat
metrics, while ISTM partners would monitor the full list of habitat metrics.

Table 2, at the end of this document, provides a list of the metrics that would be monitored under each
protocol. Water quality metrics monitored under the Basic Water Quality Protocol tend to be those
identified in the LCFRB’s Research, Monitoring and Evaluation Program as important to salmonid
recovery monitoring and watershed management, and are monitored more commonly by current
programs. Habitat metrics monitored under the Basic Habitat Protocol tend to be those best monitored
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with in-field surveys (as opposed to road/stream network surveys or remote analysis), and are
monitored more commonly by current programs. Under the Full Water Quality and Full Habitat
Protocols, all water quality and habitat metrics, respectively, would be monitored.

The set of metrics that is currently monitored varies among programs. Under Scenario 2, all entities
would collect a standard set of metrics as outlined in the protocols (Table 1 and Table 2); therefore,
available information about habitat or water quality would be more uniform and robust across the
region.

Sampling Design
Spatial Design Approach

Sites currently being monitored in the Lower Columbia region have been chosen using a mixture of
opportunistic sampling designs and probability sampling designs. In an opportunistic design, sites are
selected based on ease of access, expert opinion, or other subjective criteria. In a probability design,
sites are randomly selected across the entire area of interest (see http://www.monitoringadvisor.org for
more information on spatial designs). In Scenario 2, sites chosen using both spatial design approaches
would be retained. A statistical model would be applied to opportunistic sites to define the extent of
their inference and convert them to a pseudo-probability design, which would allow the data collected
at both types of sites (opportunistic and probabilistic) to be compatible. This model would ‘weight’ each
opportunistic site such that some sites would contribute less to the regional data pool than others.

Retaining opportunistically-chosen sites and converting them to a pseudo-probability design would take
advantage of the existing data record at these sites. All new monitoring sites would be selected using a
probability sampling design such as a Generalized Random-Tessellation Stratified (GRTS) survey. Sites
chosen using a probability design are advantageous because there is a known degree of certainty in how
well they represent the study area; because of this, unbiased conclusions about the Lower Columbia
region as a whole can be drawn with high confidence. The probability design approach also facilitates
data sharing and avoidance of duplicated sampling effort.

Spatial Design Domain

Currently, different programs have divided the Lower Columbia region into different spatial domains
(area of interest for sampling) based on their respective management needs. Under the Moderate
Additional Effort scenario, monitoring sites would be distributed across a single spatial domain
consisting of the whole Lower Columbia region, without regard to the particular management interests
or jurisdiction of each monitoring program. The region would be divided into spatial strata in ways
intended to be most useful for evaluating water quality and habitat relative to salmonid recovery goals
(i.e., sub-basins, salmonid distinct population segments [DPS]) and relative to human population density
(i.e., inside/outside of Urban Growth Areas). These spatial strata would be nested so that smaller spatial
strata would combine, or ‘roll up’, to equal larger spatial strata. Spatial design domains and spatial
strata will be discussed further during the workshop.
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Temporal Design

Currently, temporal designs vary across both habitat status and trends and stormwater monitoring
entities. Under Scenario 2, all sites would be monitored over the same study period (the length of time
over which the study is conducted). All sites would also be monitored over the same temporal unit (the
unit of time for which a metric is reported), although the temporal unit would vary depending on the
metric (e.g., water temperature may be evaluated weekly at all sites whereas sediment chemistry may
be evaluated only annually at all sites). Temporal design will be discussed further during the workshop.

Questions for Workshop Discussion
Please consider the following questions as potential topics of discussion during Workshop 2:

e What are the advantages of implementing this scenario?
e What are the disadvantages of implementing this scenario?

e What elements of this scenario (such as the metrics monitored, change in current level of effort,
utility of the information to evaluating regional trends water quality and habitat, usefulness for
assessing salmon recovery) are the most valuable?

e What elements of this scenario are the least valuable?

e What additional actions would your monitoring program need to take to implement this
scenario?
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Table 2. Metrics that could be monitored under each of the water quality and habitat protocols

Basic Water Quality
Protocol metrics

Full WQ Protocol
metrics

Basic Habitat Protocol
metrics

Full Habitat Protocol
metrics

fecal coliform

dissolved 02 (%
saturation and
concentration)

biochemical 02 demand

turbidity

total solids (suspended
and dissolved solids)

suspended solids

conductivity

nitrate + nitrate

total N

total P (including
orthophosphate)

pH

water temp

flow

macroinvertebrates

same as Basic Water
Quality Protocol

composition:
substrate/soil - size
(sedimentation,
substrate
characterization)

light

channel cross-section
form
(length/width/area)

gradient

density/distribution
instream wood

erosion

bank stability

form/morphology
(channel form)

periphyton

vegetation cover

density of habitat type

land use

flow

disturbance presence
(mass wasting)

same as Basic Habitat
Protocol
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Basic Water Quality
Protocol metrics

Full WQ Protocol
metrics

Basic Habitat Protocol
metrics

Full Habitat Protocol
metrics

heavy metals in water
(total and dissolved)
(As, Cd, Cu, Hg, Pb, Zn)

poly-aromatic
hydrocarbons (PAHs )

water hardness

ammonia

methylene blue
activating substances

pesticides (herbicides,
insecticides,
organochlorines)

phthalates (bis(2-
Ethylhexyl)phthalate)

petroleum
hydrocarbons

Chlorine

other 303(d)
parameters

wetland availability

abundance of man-
made structures
(stream crossing
frequency)

abundance of species
migration barriers
(anthropogenic and
natural barriers)

floodplain connectivity
(channel migration
zone enroachment,
floodplain connectivity)

abundance of invasive
species

impervious surfaces
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Basic Water Quality
Protocol metrics

Full WQ Protocol
metrics

Basic Habitat Protocol
metrics

Full Habitat Protocol
metrics

Sediment pollutants,

higher priority:
- total organic C

- heavy metals (Cd, Cu,
Hg, Pb, Zn)

- PAHs

- petroleum
hydrocarbons

- pesticides (pyrethroid
insecticides)

- polychlorinated
biphenyls (PCBs)

- volatile organic
compounds (VOCs)

- total Phosphorous

-% solids/grain size

Sediment pollutants,

lower priority:
- other pesticides

- polybrominated
diphenyl ethers (PBDEs)

- hormone disruptors

- weighted fraction of
VOCs
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Proposed Scenario 3: Full Monitoring Effort

Scenario 3 describes an intensive monitoring effort in which all metrics identified as important to
address water quality and habitat status and trends management questions would be monitored by all
entities. Table 1 below shows the level of effort by stormwater permittees and ISTM partners under this
scenario.

Table 1. Level of effort under Scenario 3

Monitoring Entity
Stormwater Permittees ISTM Partners

Site Type

Full WQ Protocol / Full Habitat Full WQ Protocol / Full Habitat

Water Quality (WQ) Protocol Protocol

Full WQ Protocol / Full Habitat Full WQ Protocol / Full Habitat

Habitat Protocol Protocol

Management Questions

Under Scenario 3, management questions related to regional status and trends of water quality and
habitat would be fully addressed by implementing full water quality and habitat protocols at all sites
selected within the program.

Metrics

In this alternative, the full set of water quality and habitat metrics would be monitored at both water
quality sampling sites and habitat sampling sites (see Metrics section of Scenario 2) for a description of
these site types). Table 2, at the end of this document, provides a list of the metrics that would be
monitored under each protocol. A standard, comprehensive set of metrics would be collected at each
sample site; therefore, available information about habitat or water quality would be uniform and
robust across the region. This intensive monitoring would require substantial investment of program
resources.

Sampling Design
Spatial Design Approach

In Scenario 3, all monitoring sites would be chosen using a probability sampling design such as a
Generalized Random-Tessellation Stratified (GRTS) survey. In a probability design, sites are randomly
selected across the entire area of interest (see http://www.monitoringadvisor.org for more information
on spatial designs). Sampling sites chosen using a probability design are advantageous because there is
a known degree of certainty in how well they represent the study area; therefore, unbiased conclusions
about the Lower Columbia region as a whole can be drawn with high confidence. A standardized design
approach would also facilitate avoidance of duplicated sampling effort and improved data sharing
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capability. Sites that are currently monitored would be retained in this scenario only if they happen to
be selected as part of the new, randomized sample. Monitoring at sites that were not selected would be
phased out; however, these monitoring efforts could continue as part of a separate effort of legacy site
monitoring, which would be advantageous for assessing trends because of the longer data record at
existing sites.

Spatial Design Domain

Currently, different programs have divided the Lower Columbia region into different spatial domains
(area of interest for sampling) based on their respective management needs. Under the Full Monitoring
Effort scenario, monitoring sites would be distributed across a single spatial domain consisting of the
whole Lower Columbia region, without regard to the particular management interests or jurisdiction of
each monitoring program. The region would be divided into spatial strata in ways intended to be most
useful for evaluating water quality and habitat relative to salmonid recovery goals (i.e., sub-basins,
salmonid Distinct Population Segments [DPS]) and relative to human population density (i.e.,
inside/outside of Urban Growth Areas). These spatial strata would be nested so that smaller spatial
strata would combine, or ‘roll up’, to equal larger spatial strata. Spatial design domains and strata will
be discussed further during the workshop.

Temporal Design

Currently, temporal designs vary across both habitat status and trends and stormwater monitoring
entities. Under Scenario 3, all sites would be monitored over the same study period (the length of time
over which the study is conducted). All sites would also be monitored over the same temporal unit (the
unit of time for which a metric is reported), although the temporal unit would vary depending on the
metric (e.g., water temperature may be evaluated weekly at all sites whereas sediment chemistry may
be evaluated only annually at all sites). Temporal design will be discussed further during the workshop.

Questions for Workshop Discussion

Please consider the following questions as potential topics of discussion during Workshop 2. These will
be used to guide the alternate monitoring scenarios group discussion and pros/cons development.

e What are the advantages of implementing this scenario?

e What are the disadvantages of implementing this scenario?

e What additional actions would your monitoring program need to take to implement this
scenario?

77



Table 2. Metrics that could be monitored under the Full Water Quality and Full Habitat Protocols

Full Water Quality (WQ) Protocol metrics

Full Habitat Protocol metrics

fecal coliform

composition: substrate/soil - size (sedimentation,
substrate characterization)

dissolved 02 (% saturation and concentration)

light

biochemical 02 demand

channel cross-section form (length/width/area)

turbidity

gradient

total solids (suspended and dissolved solids)

density/distribution in-stream wood

suspended solids

erosion

conductivity

bank stability

nitrate + nitrate

form/morphology (channel form)

total N

periphyton

total P (including orthophosphate)

vegetation cover

pH density of habitat type
water temp land use
flow flow

macroinvertebrates

disturbance presence (mass wasting)

heavy metals in water (total and dissolved) (As,
Cd, Cu, Hg, Pb, Zn)

wetland availability

poly-aromatic hydrocarbons (PAHs )

abundance of man-made structures (stream crossing
frequency)

water hardness

abundance of species migration barriers
(anthropogenic and natural barriers)

ammonia

floodplain connectivity (channel migration zone
encroachment, floodplain connectivity)

methylene blue activating substances

abundance of invasive species
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Full Water Quality (WQ) Protocol metrics

Full Habitat Protocol metrics

pesticides (herbicides, insecticides,
organochlorines)

impervious surfaces

phthalates (bis(2-Ethylhexyl)phthalate)

petroleum hydrocarbons

Chlorine

other 303(d) parameters

Sediment pollutants, higher priority:

- total organic C

- heavy metals (Cd, Cu, Hg, Pb, Zn)

- PAHs

- petroleum hydrocarbons

- pesticides (pyrethroid insecticides)
- polychlorinated biphenyls (PCBs)

- volatile organic compounds (VOCs)
- total Phosphorous

-% solids/grain size

Sediment pollutants, lower priority:

- other pesticides
- polybrominated diphenyl ethers (PBDEs)
- hormone disruptors

- weighted fraction of VOCs
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Appendix F - Feedback from Workshop 2 Participants and Other
Interested Parties
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SCENARIOS - PROS and CONS DISCUSSION
Workshop 2 — February 15, 2013

Scenario 1 — No change/Current Level of Effort

%> What are the advantages of continuing this scenario?

%> What are the disadvantages of implementing this scenario?

PROS

CONS

Continue monitoring current sites, and preserves
long term datasets

Limited ability to answer regional questions

Valuable for those already doing work

This scenario will not meet the future needs of
the stormwater permittees

Known cost and level of effort

Data sharing is limited

Wouldn’t require additional funding

Limits regional data analysis

Helps us answer the questions in specific
jurisdictions

Current efforts don’t necessarily support the
recovery plan needs

Smaller learning curve and less investment of
time and resources

Small programs without monitoring won’t
benefit

%> What elements of this scenario are the most valuable?

s> What elements of this scenario are the least valuable?

Most Valuable

Least Valuable

Long-term nature of the datasets currently in
hand (Clark Co./City of Vancouver)

Scale of data they collect meets their needs
(Clark Co./City of Vancouver)

Metrics collected are comparable with other
entities collecting data (Clark Co./City of
Vancouver)

Metrics that are most valuable are those
collected by 3 or more ISTM partners (PNAMP)
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Most Valuable

Least Valuable

Recognize that some partners need to collect
specific data and that is their priority (PNAMP)

Note: Participants indicated that the “least valuable” portion of the question was

not applicable, as some permittees are not conducting any monitoring currently

and those who are monitoring are only monitoring what they find to be valuable.

Scenario 2 — Moderate Additional Effort

3 38 %8 ¥ 3

scenario?

What are the advantages of implementing this scenario?
What are the disadvantages of implementing this scenario?
What elements of this scenario are the most valuable?
What elements of this scenario are the least valuable?

What additional actions would your monitoring program need to take to implement this

PROS

CONS

If this scenario could be scaled, or tiered, for
each partner to select from different levels of
effort

Given the total pool of metrics, it would be costly
to implement all measurements

Additional feedback from Workshop 2 participants through open discussion:

o Need to provide a tiered set of metrics under Scenario 2 for further discussion

e |dentify the base level of effort required (metrics) and provide the tiering so secondary

permittees can meet the minimum

e C(Cities may only consider the minimum because it doesn’t cost any more than what is

necessary.

o Need to solicit input from those who were not at the workshops

e Management questions need refinement — may not be part of this process

e Question: Should we abandon Scenarios 1 and 3, and focus on developing options

under Scenario 2 to run trade-off analysis on? Answer from group: Yes, provide

additional options (tiered metrics) under Scenario 2 to perform a trade-off analysis.

e Input from some permittees that attended Workshop #2 indicated that Scenario 2 is

the only alternative to consider.
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Scenario 3 - Full Monitoring Effort*

%> What are the advantages of implementing this scenario?
%> What are the disadvantages of implementing this scenario?

2> What additional actions would your monitoring program need to take to implement this
scenario?

PROS CONS

*Note: In light of discussion regarding Scenario 2, pros and cons discussion of Scenario 3 did
not occur. Consensus was reached that it would be too costly to implement versus the added
value, and that it was not a feasible alternative.
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Lower Columbia Habitat Status and Trends Monitoring Project
Additional comments received following Workshop 2

Name

Affiliation

Comment

Dan Rawding

WDFW

Need to link Lower Columbia River habitat and fish monitoring designs. WDFW used PNAMP GRST
master sample draw for adult coho monitoring and will do same for parr if funding becomes available.
Linking fish and habitat designs will improve cost efficiency.

Jim Fisher

LCFRB TAC

1) Should focus on broader questions: A) what is monitoring telling us about efforts to
conserve/restore salmon habitat in quantifiable terms, B) What are quantifiable targets for amount of
habitat necessary to achieve delisting, C) How is current monitoring efforts measuring progress to
habitat targets, D) Is horizontal sampling (spot checking multiple locations) the most effective way to
evaluate trends in habitat status.

2) Stormwater is more straightforward: A) Directed at compliance with NPDES permits and state water
quality standards, B) directed at point source discharges generally associated with toxicity to aquatic
organisms, C) threshold over water quality limits already set; therefore, it is likely that any on-going
long-term occurrences from stormwater into ESA waters is already covered, D) reduces this to exercise
to satisfy Ecology's need to assure ambient water quality in-stream is maintained within state water
quality limits.

Jeff Schnabel

Clark County

Comments considered follow-up to Workshop #1 and therefore are included and addressed in
Technical Report 1.

Bill Feddeler

Citizen/stakeholder

Scenario #2 is an upgrade which is always good. Scenario #3 uses expensive testing. Scenario #3 could
be done under Scenario #2 on a case by case based for dangerous spill events.

Ron Rhew

USFWS

1) For some metrics level may vary depending on what portion of the hydrograph is sampled (e.g.
turbidity, solids & nutrients attached to soil particles). Sampling at programmed levels may not
characterize maximum levels by missing events that elevate stream concentrations (e.g. metals from
first flush off roads). Must consider to accurately characterize potential limiting conditions.

2) Some metrics can be determined remotely across area (e.g. impervious surfaces, stream crossing
frequency, land use, vegetative cover). For these metrics look at departure from historic conditions,
which will allow for comparison over time.

3) Advantages of Scenario #2 are ability to retain existing sites and information. Disadvantages for
Scenario #2 are not having uniform probability sampling across entire area. Pseudo probabilistic
model may lack accurate characterization of some water quality parameters depending on temporal
sampling strategy.
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Name Affiliation Comment
4) Range of metrics looks ok.
Larry Schaffner WSDOT Worthy goal to collect data to assess trends in conditions of receiving waters. Multiple stressors

beyond municipal stormwater discharges make it extremely difficult to identify andy stormwater-
related cause and effect signal. Will not provide actionable information to direct adaptive
management of stormwater management programs.

Dorrie Sutton

City of Vancouver

1) A lot of focus on metrics to date. Need to have common understanding of basic (minimum needs)
and expanded (helpful to have) parameters so cost and scope can be evaluated. More important
questions are not what is being collected but where it is being collected. Monitoring and assessment
needs to occur where stormwater runoff from urban areas impacts water quality to meet regional
requirements under NPDES.

2) Advantages to Scenario 2: A) Retains opportunistic sites important to MS4 programs, B) Potentially
add habitat monitoring to Water Quality sites, 3) Regional monitoring efforts receive more support if
enhance or build on existing programs & D) City of Vancouver needs to continue investment in Burnt
Bridge Creek.

3) Concern: A) Will new sites by meaningful to Stormwater Permittees and Acceptable as regionally
significant to Ecology, B) Need map showing ISTM watershed boundaries, NPDES stormwater permit
coverage in SW Washington & how probabilistic sites relate to MS4 area of influence.

4) List of metrics for Scenario 3 is better starting point then list for Scenario 1.

5) Most MS4 managers do not work directly with monitoring so focusing on specific parameters will
not be beneficial to those stakeholders at this time.

6) Ecology is not likely to add monitoring to Phase Il permits until 2018 so difficult to come up with
more specifics at this time.

85




